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IMSCIiSCflÜW L 

Eseeatly tkira ba^s been pnbltakeci aasgr vorkg Öevoteä to tfos 

'inneatigatioa of tte'constcruotioB of the stsrface aad of ibs figure 

of th0 /Boon,.   Such iutersrfc in otx- eaislilie is aot accidental*    The 

study of tlM Kaon is ö^erilisl for tfao solution of sary astronomic 

Problems,-   teoag fcöea* problems a« iasXtsäsü tte stmy of the 

rotatioas of ths e&rth rol^iita tc the motioa, of tte mcoßj observa- 

tion of tiK? moon to establish systematic ezr-orgj of tfc.s fuMsjaeatei 

system of deoliaatioin & uoluiioia of geods&ie pi'oble.ass far sample 

ihß öatersiaatlos of iba tUsteiMß between re&ote polsia on the 

earth.'« gurfeca, deters&isMtioft of can-aciio&a for the diisensiono 

and 8hajM3 of tfas earth, etc.    To aolvs ibs fore going oroblera* the 

laoec. is the sost suitable celestial body»  «dug to its rapid aotioa 

aroijjjrf ths earth ma the. saxisittm. parallax*    Kovfewr* tte observa- 

tion of th« »son is ccrmeotsd with jsaAjr rtiffisultiegs ißöludiiag 

D;:-i«-c^ly the irragülar.ity of its figure, fi» gecsairlc figure 

of tte moos <3*:f.fars noiiewbly fröß its dynamic figure* coasidereä 

ea & thrsQ-a:xi0 ellipsoid with the rs^jor' axis? airected to^&xdB 

■Urn oca'th.    1« addition  ife large föoiaat&ias ßfid valleys iß. 

ti'is i&oos produce m :,%s «äge Irregularities   w'bleh frequently ( 

■Ä 



_1_ 
r*reach two or three seconds of an src and their changes, due to the 

optical libratio«, Introduce systematic errors in tha observations. 

The latter roduse considerably the accuracy of observations, Thus, 

visual observations of the occulted of stars by the moon are 

usually carried cut with an error- of 0-,l moom in tiros., while the 

photoelectric cietacd makes it possible to note the  instant of' 

oecultation five times more «accurately [%] \ corresponding to the-so 

quantities will be errors in tha determination of distances on earth 

of 150 arid 30 rasters.    However,  it is impossible to realise in 

practice this accuracy,  and one  of the principal causes of this 

are errors introduced  in the observation by the irregularities of 

the moon's edgs, 

Allowance for irregularities of the moon's edge'ie also of 

great significance in the study of the rotation of the moon and 

in the iraproveraent of the selenographie coordinates of points on 

tha moon's surface. 

A study of the moon's relief is in addition of important 

theoretical significance,   since it produces material for j-udging 

the physical conditions on the moon both at present and in the 

past,    Gna can add to it,  looking into the future,'that in 

eanusctian uith solutions to problems of cosmic navigation,  it 

is necessary to study tha moon's surface as a landing place for 

space ships. 

This is why th« jfobiaoi of compilation of maps of the moon's 

3 



belief, is at ^naent psrtieularly acute.    As is well known,  such 

caps tssre previously mm® x*p, but la connection with the discovery 

■ia 1934, by.A. A, Xakovkin.  of the äapsnäenee of the moon's radius 

on the ■ optic«,! ltbration Ifi latitude, they cannot be. considered 

f accurate,  siseo the £rr«gujLariUe& are reokoncd iVca different 

' ■ leTCi      surfarj&a, .Töe problem Uisröfor« arose of eonöiructiiäg a 

'   imp of the moon   .oh    'a gea«rsl soro-z-Qfereace level* Tfte diffi- 

culty involving this problem lies la the fact that there Lv no 

water on ths moo»    to provide a l&vel surface, as takes place on 

earth,    C& ths other hand,  it the level enirfaee is äsfisaä relative 

to extoreal forms of the relief, the, ceater of graih. a surface «ill 

not coincide vith the center of gravity of ths sec-öj ixi vlev of 

the presents of asymmetry in its^xgare« 

As a result,, ^ Mm decide« to.consider this difficult 

problem lYoat the dyajundc point of via«,    la the second chapter of 

the preseat book m glire for the first tlass a thßorötioal solution 

for taif? problsa«. Its Isvsied ssrfaca is defined by us as ths eitr- 

fsos of tba level of the gravitational potential "of tho moon,    tog 

csKtsr of auoh a sKrfaoä »sill always be the eentsr of gravity of 

its aoos, anfl Ixrogulsrdtiea i&tha moon's ©ago« defined relative ■ 

to tats «*jrfa-y, aas be calls« baryaeairic irregularities,, 

Ths position of tl3 aeon's.eestsr of gravity on the 

eetastfal »pbsre te r,:-t fi.m6 io &sj' «ay,  gift« 'vis obtain 

fVeiii ob^rmtlo.;is tttf> ^osltioiv of Its eaater of fleora,    The 

L 



rrelaiifa plleceffieat of ttesss points «a» -be dQteMii&gd only by eom-       1 

paring ts» ohserva'ttoaa of tM soon with the gcavltatioaail theory 

.' of its Äotiöa Iß. ths orbit,    this jsrcbiea is c'oasMsrsd'by us in 

ctetail hi the tfair-ß chapter« 

, fo «joaetruist a&ps« VJO used! the ttmrnnaovm obesrtfafion . 

material,, obtaiaaä with tha bolioiaflter of the Sagöl!;garcJi observa- 

tory ova? fifty yssarss." The relief of the eäge belt of tfea moon, 

15° «Jus, As pa*« seated on sight .charts, vhioh «we plotted in the 

selestograpöie g'fstaai of ooe^imies proposed! fey Hajn.'Thsy are 

■ äesöri'baä Xwj&tsdX la tfes fourth chapter,, • ■ 

.   ' OctiTectiowis for irrogyl&rltias. t«kaa from our maps.,, aoataisi 

tfes so«ö«alled "large relief,8'   Therefor«, if the observations of 

the moons? arc to bs c tweeted far relisf < ae dsteradnM by 

■ ttasgs fflsp'Sj its averages v$Aims. siioulä cot äeporaä on-fess optical 

librstton in Djatltaaa, «ad the eorrtatiöa of the latitude of the 

ffiooa should rechtes in absolute rait»« Aa ittuastijgatioa of car laaps, 

irfhish is-     ^      . «pomssM its tie fifth chapter,  is evidence that 

they sstialüy/joiyiäjlstöly tfesss coaältiom.'   fia«% at the preset 

ties m tm»e maps coaairixtßc! for the first time against a 

g&se^al aero-'' srefareßüe level. 

Ä oosst^ixtloß of similar maps has as Its fiaal purpose 

a sore fiooitt'&te deteraLtatitiorc. of the eeatsr of gravity of the* 

sooa thfeß '«as poeaifeis uatll MOW» & correction■of obsstvetloas 

ba;3«d oft oar ra&pa solves, ibis very important' jrobl-aa» 

5"* 



ÜÜTLIHS 0? Ill HISTGEX. (1? IKVSSTlSATIOIS ÜF 1ES IBblSP GF 
THE MOON AND OF ITS FIGURE 

The  first attenipt at investigating the rsiiof of the moon's 

surface dates back  to antiquity.    However,  before the invention of 

the telescope  all these  investigations -were  purely . Bpap-olaiive in 

character.    Much time and labor,   for example,  «as lost by ancient 

scientists to pxpiain the  overall picture  cf the moon's surface, 

visible to the  uiraileä «ye.    Aristotle  thought thai the mooo.'s 

surface is a smooth sphere, vhlch reflects like a 

mirror the  shadows and bright spots of seas and mountains of our 

earth.  The Arabian aiathsraat.ic.1sn of the tenth c^irlucy«  Al-Haxen5 

suggested that the visible picture of the moos Is the consequence 

of the different reflecting ability of different parts of the 

moon's surface,    Hcweyer,  aver then certain scientists have sade 

sore accurate guesses regarding "the visible appearance of the 

raoor,   considering that the picture  sesn vsitb tbe  unaided eye of 

the moon's gmofsee depends principally on its relief»  These vere 

the view of Dsmoerites and Plut&roh, 



Tiiö fir at reliable infcraatioa ctrthe mooa's ■ surface mv$ 

obtained by ö&lileo, vmo detected, toe moanttaius and attempted to 

repcsseat tfaes is a picture,,  "I-ata beyond ffijnxlf of amasasent" 

he wrote soon alter his discovery of the telescope11 hm I already 

succeeded in verifvt&g that the aeon represents abody similar to 

thö' .earth,n    'Se subaeqwsntly engaged in a. mathsraatical solution of 

the problem of öeiarmiiMtica of tbe height "of 'the moon's mountains. 

Among ths ast;?onomers of ths 38th Century, basic observations 

of the surface of ths aoon were carried, out by Ifeyelias /!/ or 

Daasig, who made up detailed, maps of the mooiij published in lo47. 

He ürmi the moon at different phases,  in order to study better the 

«,' 1 
©haps of ths raounta-ias and their placement«    Hsvielia (,or- ilaveike) 

'.  " '   ' 'A 

gav-a    the lunar formations »smes of terrestrial geographic places 

.(Apennines, Caucasus,'Carpathian, etc).    His contemporary 

Ricoioli assignee many locations nasie'S of fafnous persons., and 

later on this custom became tmiversal.    A note should also be made 

of the map by Cassini, which v&& also bassd in ths ssrae manner OB 

visual estimates aacl has only historic interest«-. 

In the mi-ödle of tha löth century Tobias Meyer prepared a 

careful map,  based cm m&axy measurements; which for "the first time 

gave the true relative piecement of the moon's mountains. 

The sacoaö half of the 18th century was distinguished for 

tbe construction of large reflecting telescopes, "which contribute 

to further developrsant of observational astronomy.    Using one of 

7 
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JL. r~~ 1 the 'greatest.reflecting telescopes of his day, Schröter f2f made 

mny observations of. the raoon'hg mountains. sad ■ then published his 

observations in 1791 -—• 1802,        including la his -work many illus- 

trations, 

j        '    la the 19th century many remarkable .investigations vere made 

. of the aooa's surface» It vos investigated in great detail«    Con- 

tri.butir>g to this '«as both the development of instrumental 

teeltaiqtasfs, as veil as tiis improvement of measuring methods. 

telileo äßd Ksveiius,  in. aoiarmining the heights of the 

moon's ©oxKiiaing, asssd § theoretically eorroot but practically 

■ tinisaitsbJ,© raathod of iae&fitttrsffiantg«. They waited 'until the first 

or Issi quarter of the soon, uhaa tha peaks of the mountains on 

its night side" .lose the last sun's rays arid mass^sr^ at that 
t 
t 

iästsunt the distance from the peak to tho teraü.natio&, which in 

those phases of the moon forms a straight line.    Knowing the radius 

of the ffiooa.  tha height of the mountain can b<3 calculated by 

simple trigonometry.    However,  firstly,  it is very difficult to 

nots the last ray ineiclsst on the peak of the mountain, and 

secondly/; an incorrect assumption is isade here,, that this ray- 

Is always tangent to the meaa surface of tha moon. " More   justi- 

fied isa-rasthcö of ffieasurißg the shadows of lunar mountains, 

proposed by öhlbers, but it does not always give satisfactory 

results.      Knowing the length of the skaAoU"    and the height of 

, the! eun, it is possible to calculate in principle the height of 

r 
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tha sot^talß ura!»r tbs condition that the ahsÄiow fell« on a piano 

surface«    But actually the gfeadow can isll on s hill or on a valley, 

aad therefore it is aeeasssoy to take into account the properties 

of ite'lam scape* which is very difficult.    Iß eßdlticm, if the 

J mountain is vory ^ßlls* eloping (1 -•■ Sfr) en the ala« «hero the , 
'1 ' <■ 

säadcw is cast, titsa whs& the .»sighi of tha sua is greater than 

or equal to'.       1 c-r 2°, the aoaataia prciltiseß no etedoy. According 

to a«. estlffl&'N by SchisMi,, tte error viiii ^ihich tte heights ef the ■ 

IMi^Mtial aouataias csa "be detsriawMG faao an order of 2/2.-55 to 

l/;34 of thsis.' altitude. 

Asioag tha .!«&«» iaapg pr-oaueM in the past century,,  OB« «should 

saatiofi fiffsi the Loto.«.«s s&p /3/ reads «p on the principles of 

topographic si^TC^iaa.    Baiß^ an expert in ite ibighiy ref'ifcsd 

geoäosle söas^rsasfiis and an sxoert eir aitamö,, h& prepared 

lunar Biaps of exceeding duly and seoarAoy.    Loteten divided them 

ii'ito 25 parts,  of which tho fir et four -Ksra published iß 1824, 

anä ths r&m&lnlßg ^sre p'Äiisted ; after his death by 

Schmidt»  süm csapis contain 7,1.78 craters SJne 99 fm*c«ju 

löäepsööeni of Lca&rffl&ar^ K&dler (Lf carried o»t highly 

separate obsarnatioaa of tfe« 00033,  ca the basis of which he 

üjäda up Ißts&r charts.    Thass «ere published  lift fens* ghasts) ia 

1835 assä dlfftä? ft'oa Lohnsasa's asp In having a greater imsbax* 

of details.    These snaps coctaia 7,73$ craters aaä 77 fwrrova, 

la 3-Ö78 ScfaalrTi /5/ psfelisted a ltuaar map divided, like 



rLohrmaon'fl, into 25sections.    The scale of the map was t«ioe as 1 

large as that of the Lohrmaoa ar«3 Madler maps.    It irfas based on 

32 years of observation and contained 32,ö5Q craters and 34B 

furrows. 

Both Madler and Schmidt determined the heights of the lunar        , 
; I 
i ' 

moufltalas by the Ohlbers rosthod> i.e., by measuring the shadow 

cast by the mountains« 

The application of photography to astronomy has made it 

possible to exisM considerably the investigations öf the moon's 

relief,,  owiag to the many advantages of tte photographic method 

over visual observations. 

The first *wor;-} based or* the use of the photographic material, 

were carried out by Frans and Sau&dsre, 

Erans /6/ published in 1901 a list of positions ami heights 

of 150 points, uniformly distributed ovar the earth's surface. 

He used five photograph« of the soon,  obtained near fall moon on 

the refractor of the Lick a observatory,    Tbß positions of these 

third-order points wars determined by Fra«a by correlating thsm 

to eight fundamental second-order points,  the selenographic 

coordinates of which were determined relative to the crater 

Moesting A by means of hsliometric msasuremsnte /?/,    On the other 

hand, the position of the crater Moesting-A (first-order points) 

were obtained -by Frana from iteration observations of the moon 

ihl.    He later on considerably extended his original list, publishing 

/6 
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PtMo similar papers, vhers ths reference points 'were used, the afore-    1 

mtAiomd points, from first to third order*    His lost list /9/ cot-   • 

tains appcroidmetely 1400 points    To detersive the altitudes*;, Jl&nss 

used tfess stereoscopic.mathod /6/.    Kg compared pairwiss fiva photo- 

- graphs of the soon* stained at different optical libxations. 

. Obviously, tte iraags of the moon visible during tha tiae of oae 

litoration, <iST5| to the ssmll rotation of the maty eha&ges durtag 

the tlffle of tis) s-acottd ijLbratioü»!« The sagla of rotation equals the . 

■ difference betessii IJJbratio&a,    At sash a rotation, any poisat o» 

the iaoosf3 -surface;  for s:xaß5pl& ? auy crater s MXXL shift- the etr-eager, 

ths bighsr it is located? ^m the farther it Is -from ias scon's 

center of gravity»    This stereoscopic effect caa bs bast measured 

in the center of ths moos's disk;, aad bee oases little, notice able on   ■ 

its usages.    On tte'basis of measuri&g this effeot,  it is possible 

to construct a sy&t&m of calculatioaa, which glws the heights of 

tha craters above the moon's ssaa level.    Using the heights tc 

determined,  'ivsxm oonstruotsd a asp of the lunscr* relief and rs&shaä 
locations 

the conclusion that tba mountainous,and tb.e locations afcundßat In 
ft 

erstsrs lie rolativeljr high atcje ths mean lamt* and ths so-called 

seas are low.    He also rleterfflinad the eloagatioa of the sooa to- 

vtarde the. tr-arth's direction, ■which.,  according to his calculations, 

amottats to only l/lOOO of the moan's radius, i.e., eanaiäsrably 

•less tteo ths value obtained by sariier investigators» 

Eetwaan 1903 and 1911 S&unders /10/ carried oat an in^estiga- 

...,. /;/ 
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! tloA of great inspcrtattce for preclslos selenography»    He äeteraiasdl     - 

the positions of alsoa* 2900 objects oft. the mooa's «surface ralativa 

to the fuöäaaBßtal polats of Prsfl%    using photographs obtained at 

the Lick aei Paris observatories, 

; Speakiag of. selsaogrephie vorks perfffiw-ä oa 'the basis of 

photogr&pixtc aa'tarialf w ftefition -also tlis'IIst of 413 polffts, 

polished la 194-9 by Beth- /ll/ who used photographs of ths soon 

obtained in 1926 by a graph, vltfe ite nlas i&cfe refractor in 

Bargedor£,    tfae   "" . of tks points of this list was. carried, 

ost by RotK also to- tu© SV^ns points«. 

Thug, by £UJM thers exists aa aggregate of"about 450Ö. points, 

Hssattreei oa tte sooa's disk,    'Their coordinates sy« asieriBiaeei la 

gsmeraX Kith, ac.owracy suffiöieftt fco serva as reference potato for 

the cccapilatioa of a <?&tsülsd .m&p.    All tbase rae^ut^swntSj, boy-  ■ 

ever, are burdened «lib. gr-öfiit isditieUsal sn/S systematic errors, 

alrioe ife«y are b-assd oaths tösts^ilü© thsrt tbs aooa is & sphere 

anS, they sore b&sscJ &a isföliowstriü fieasttraJBOöts of 

ßlsiö first and, aseocc! order points* I^ecu^aialj' rsduoeci 'by 

F^asa» At the sass tlae,, the third.-order poiats wars coosöeied 

to the latter Inswfficlsatly wall» 

2a 1956, Sohr«rtka-B«c.htSÄ,«sta.i)ira/69/ a.galn recUißecI the 

position® of sight l«aar craters earlier oaiers&aed by Fraas 

/6/8 sea slso raöakuÄ&ted the co^'dias.tss of fear craters, 

calculated by Haya /20/,    For- this purpose Sue «ssd! the ooafetants, 

/jA 



i of the physiCE.! libration of the j>oon /6B/, determined by him from 

a reprocessing of the oioon'a helloiEßtric observations« carried out 

in Kazan.' and In Bamberg (Oercany)« 

Sehrirboa-ibscntenstaßm assußisö the following values for tha 

■ f* "31 <ri a P fc f* 

/—y.öSSJ; 0.007. 

The positions of the craters were reduced again by Sohrutka- 

Reehtenstar;s to the center of the moon's disk,  end net to the center 

of gravity.    He notes that It Is most advantageoas aril most correct 

to refer the coordinates of the moon's objects to the canter of 

gravity, but In bis opinion this problem    ie not so easy to solve« 

As to toe determinations of tbrihelghtg on tba ebon,  then, 

in Hopsaruts 3 valuation,  the  only oaas ¥ or thy of attention, at the 

present, time are the lueaam-stiants of Praia waß Ritter, Ha described 

tho Frans «wthed above,    bet us stop nm to describe tha Ritter 

laeltrxi ana the refects of his investigations of tb« raoorbs surface» 

la 1954 flitter /IS/ publisher; a pap&r,  in vilxich he attempts 

to approach the solution of tho problem of astsraising the moon's 

relief by using the difference ir, the positions of'the observed 

and theoretical boundary of the  shadow*  To draw the horizontal 

lime, mtbs raocn,  bo  observed the passage of the terminator through 

the local elevations and depressions,'   ■ After determining their 

positions by connection to the points Kith 

/3 



['"kß«R aooräxrjat«!3, Ritter dbi&imS "ths cbgservacf coordinates   \  0|v     ~'"| 

and   fl ,ti.j of tfae boundary of tba light» Then,  using the luaar 

ephessrick^,  hs calculated the theoretical position of the terminator, 
», 

i„e,.,  he obtained     C, and   ^7«.  assuming ths figure of the-aaori to 
J '•- ( •■■' ■ 

be -a sphere, Ths !ms?hi of a point above tto sphere «as caIct£Lated 
-i " ' ' 1- 

by hits from ths far;7iy,l,a f 

I' 'i   m 'i v    i,:-1? 

It i.c aagy to see -that unlite tha Frans methodJ  this method 

deiariinüas ssore aeeiiratsfy tte he.igb.ts on the edge of the soon &,nc! 

less accurately- is the. caster,    Beklag the «allies of E, deter «itneä 

■ frota formula  (1,01), ratter tten ire\,i a map of Isohypses and traced 

the pro.fj.les of the aeon's aiaTac«,.    Daring 70 nights, hs deteraifieä 

the coordinates of approximately 2,000 points on the &oaa,  Tm 

dsvis.t3.0ss of iadivruUxal places on, the sooif ß surface froa the' 

sphere,, sceording to. Eitt8i-'ss fl3ter.ifi.uaiio.t38, reecb, froa -*• 17 to 

- li. kruij i!be,f.  hava twice, the valws of ths heights es measured 

by Meclisr,  Schmidt>  aftii also as given La HayYf s enapss.   'According 

to Hitter's maps 0»; eatt coiielufe ths following regarding I'm  shape 

of the racon's relief.    The  southeastern region of., the moon's sur- 

facs lies completely the raesn level  (splssfe) vhmres.s ths 

north-east part is cci.Ripla.teiy balciW it»    la the .north-vest quartier 

of the moon's, surface ths negative deviations predominate,    Killer's 

. data,  howaver,  are at the limit of accuracy of his measurements» 

y. 



^Tho 'man errat of one value of the altitude amouats in his case to 

approximate}^ & 3 km.    In addition,  his moth«3 has many important 

sharteoBiiagö," & basic criticism of vhictx was aada,  in particular, by 

A.A. lakovkln aod I, V.Bel'kovich /1.3/h  Thay indicated that the geo- 

_< metric. coQSidsretione on vhieh this method is based cannot be con-       ^ 
i < 

fildersri correct,' .Actually,  the. position of the lias of the 

terminator oaths moon's surface depesds^nly on the height of the 

point located  on the terminator. buf also on the angle of inclination 

of ffaa Gttrfaao olerismt containing this point to the horizontal 

plane passing through it,  or,  ia other ■words,' ott the angle between 

■■ iha -fioriaei to tte surface of the moon atad ths radius vector« This 

sngle is s&öro only vbeß ths terminator passes through tha poak   of 

the       • elevation»    A calculation made by A. A„ 'Yakovkin and   '' 

ifv.Bel'kovleh indisates that vhsn determining the heights by the 

Sitter method it is necessary to take into account the inclination 

of the surface alesont to'the vertical,   something Patter did not do. 

it must also be noted that vhen   <\-£ 0,  i.e.,  in the first 

and last quarter,  formula  (101) becomes inapplicable for the cal- 

culation- of heights, 

In a large paper,  published in 1952,  Bcpnssun /14/,  gave a 

critical survey of previously performed investigations of tha 

isooas8 surface.    It was noted above that ths coordinates of tho    • 

points of ths moon's surface are taassd on obsolescent data re- 

•   gardiag tha moon's rotation and an old and cot quite complete 
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r~thaory. of Its physical^iteration.  Using the constant« of the physical"! 

libratioa of the moo«, doteraittfid by Hsyn eM serving as a basis for 

tha calculation of physical epheaerides of the moon, Kopraaaa again 

reduced the rasaaureasotsi of the positions of 150 p<4ats by Fraaa and 

; calculated the absolute heights of ttese points above the average        ^ 
i i 

' level.    For this p^fpoaz be used the siaalified but sufficiently 

■ accurate method of Piokeri^g A5/.    Let » be the l^ratioa in 

longitude or latitude for an individual plftte, »^ its mean value, 

dewed from five pisiesi    /sQ aaa    ^Q are the selenographies co- 

ordinates of the points ibtaiaecl by Erans /6/, aad »i the difference 

in tha relisas of the Icagitcfle or latitude for indiTläual plates K* 

relative to tboir mean, expressed in sinates of the arc. fbsn the 

absolute height of the pointte ato^e the moon's sphere'can be obtained 

from tha forrrols 

Off t      *«R£3    W****«*"«0'1™*'* 

cos 0 - */) ftg (X ~.%) — lg l\ 

to aüoalogoUB formula will bold also for tfcs latitude p   . Thus, 

Hopmann obtained for each point ten values of B| 8M then, talcing 

the average of these? K,  he calculated tha corrections to the 

loagituies of Frana'g points aaiag the farmulÄ 

and exactlT the saase way the corrsctioas for the latitude p„ 
J 

/£ 
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Aftar a sficonä processing of franse measurements,  the 

average error of car valta of the altitude»  as an average of ten 

individual values, vas found to be * 2,7 km,  of the sane order as 

obtained by Ritter» U 

Rrom a comparison of the heights of Erana'e points -with 

those obtained froa Ritte?*g sap,  Bopraann derived a correlation 

coefficient,  from the magnitude of which ha ooneludad that the 

heights do not differ notieeab3.y frora each other, 

la spite of the feet that the accuracy of the determination 

of the heights was low,  Hopaann made an attempt to calaulate 

ths moon's figure.    Assume that tha surface of the moon facing 

us represents an arbitrarily orierxlsä three-axira ellipsoid,  he 

writes the equation of the latter in the for.'u 

aV + ^n T' ^ 4* df +■ l# +/P «■- tf, (i. 04) 

vhers   £ ,  7}    ,  and  £" , are the rectangular coordinates of the 

points,  and K are their heights.     Using Hitter's obser- 

vations,   Hop&ann obtained for the tlxrae axes a, b, and c the 

following deviations fran the sphere,       *j*S,H km,  + i.l km, and 

- 4,7 km respectively,    Putting in (1.04)   ^ r.: 0,   he derived 

from the earns observations the following equation for ths edge 

of ths moon, 

±576 ±1272 ± 
(l.Oii) 

i 
'. i 
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I Hopmana obnclvßo» from this- that ths eigs of the mooa is a circle, 

accurate tc 1*5,000.    Aasujsiag this to bs tar us, he obtained the 

elongation, of the moo\\ towards the earth to be 7.3 knu    Ifcllka ths 

generally accepted opinion, it follows from. Hitter's measurements 

; that ths SOOR
S
S seas «yid contlaentö ars on the &s,tm level. 

Oa tl» basis of-iha aassüreserrts by £rans ard Ritter., Hcpsuaim 

detewd^d also the cooj'dinetsö of ths direction of the isäjor axis 

of the mooa's*ellipsoid.    It vas fouiicS ifaai the jsajor axis delates 

"greatly from the direction fe'oat the aoon to ths aarth*    Starting 

■with this,  he raachöd tbs GonoX'asion that ia the ~outh~w©st part 

of the surface f;alhg us, thare .is a convexity» '^hieh o^a bs oos~ 

sldered as tte? «orsssquencs' of a three-axis ellipsoid which is ix.~ 

dined relative to ths earth.    If it is assumed, ttet tft ths rear     -. ■ 

er£ of ths moos there say not-bo such a convexity*  cms oasoot 

require that ths aoons3 eester of gravity coinc-ldss \»ith the 

cestfi.r of its figure, «hioh. actually dee a sot teka place*, 

Kopi&am obtaiaod £m? the relations of tbs principal moms at s 

of inertia of the moon, from Ritter(e rasa &ur® meats, t'm follcMiag 

values 

?-^i« 0.00770,        £^«0.00330,       /«0.43. 
£ c ,       (1.06) 

At the asms time, ths thsary of tides- givßs reopootivsiy 

0.0000375, G.ÖÖÖ0094,       .    0,25, 

,  which is in clear contradiction with, the foregoing figures.    On this 

-' /f 
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basis,, Hopmnn assies that the hypothesis that the moon has broken 

away, frost "tha sarih is Incumsistsat,, SJ&ö. the soon has' more likely 

■'bees created iMepeacteatly of the aarifc»    äS to tb® irregularities* 

in tbs aoon'8 figtöe/ tfaa .otolatensaa- of its half facing the earth.., 

.4 it must ba borae ia tulwl tbat as the nssss of a body 1st rsducea» its 

dcsviatioa firm spharioftl fcrs b&eoBQS mote aoiieeail« than   i» 

a .feeatf body. 

fc jwtlg's tha morphology of the t&.oon.Ui &\xz£&tt&s Ecpm&nn mä 

B@rmn carried oat ia 1950 rasas^eiHsnts of tte* ^ighta aas -depths 

of the. eratsif'B*    i total of about 600 obSQ^vetioass were .msdls,  The 
■ ' . -water 

lattar tocsisted of a thorough mmvsc&m.tAi in ieaths of ^fliaaeier, 

of the iaisrnal and erteraal shactaus from tim &nmüar Panics * xthea. 

■   tite object, vr&s located a-sar the ierGÜ.aatcsr*    Kaoving■tte time of 

obsarvÄtioR afiu the occi'-äinatSB of tl» cmt&r from almariaeh data. 

of tte ptgrftioal obsarvatiofis of the siocs, it ^&a possible to obtain 

the mmXh äistaaee of tie mix foi? 'tfe© oca^spoMiag position of 

the iuoouj and theit to ealoul&te ft"«, tl« ölas«ter of the crater' 

a.ßci the B®s.öfa*6d Isaglh o.f the shadow the teight*    The depths of 

tfae craters wore obtains*:! accurate to * 0.3 ---' & 0«s ka» t&s 

heights of i&s baßks 'ysre a-aaorate to* 0,2 -~ A 0, Ufa, Tm 

statistical :tS(!ti!stion of the data is mSMms that tbs fasight of 

tfa© tanks ia iotspsadsat or tha disaster of tha erster, 

Es'om ah öXÄSSinatica of Vem essags of tha soon5 e relief, pra- 

psir«d 'by Ifcyfi aa3 Ritter* Hopsaaaa oonsltdes thai tte asmular ghspas 



[OK tfe moon «re xnaieuifleant foiwtiyjiB,    Mors characteristics are 

the  fovastions consisting of extensive nests,  and also constant 

wave-like projections.     Filly percent of such formations to« sn 

i       ^ - ~.*,--   ^+™   ■$  omj'i  ^,^>i? -I r»  * »vv ? y 1 &\w"'  rßi?5.CH3 docs it rö&cn 

:25;-i.    Aooroxidately 3lO; of the fi.al 
: ocslittss lie on a hi-ily Isncl- 

ft^nna.. 

In 1%V there tias published an interesting york by A,   ih 

,    / vih-i considered with great detail aw thoroughness Ahabekov /io;, un 

the construction of the  moon's aortses  in the geographic aspect« 

In his i-sasevcb ha noted that a study of ±m m^phological features 

of the aeon's relief makes it possible to prove the 'ooaaectioti or 

lack of connection between iia for as;  and also rSIsolcse that these 

were developed  ia definite  stages,  thus casting light or. the problem 

of the erdogeroraa or exogenous origin of tiro moo?;f s rdcuntsins«,  is 

hnsbaKov's opiirioo,  too. moon's relief wss produced essentially as 

rx result of voieaoogoric processes, vhich we-rs the eonseqvsönne  of 

an inioraal .siuiii »phase am. prolonged evrdiitioa of the physical 

state  of the  inside  of our satellite, 

To conclude this section, \4e note the vtori-; by Se hi' uikä-iio '€xi- 

tenstacua A?/,  published  in IVol,    in it IM publishes a catalog 

of the measured hoights of the soon-3 mountains,    ijchrutka- 

RekhtBastatan cletorsisad  treaty the Ghlhers method,   i.e.,  by 

«jsasuring the length of the shadow cast by th* mombain ■— a 

method employed,  aa is well Known,  a hundred years ago-by Kahler 
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Pand Schmidt. However,, unlike these,' he carried oat Ms nie a sir erne at 

aoi visually, but by photography,    Schrutfca^Refchtaastamo used six 

aw op. c*f the Paris ehctosraphle r,vjon. atlas /l,8/,  ebtsiaeß at differ- 

eat -phases s>M llbrationrs In. latitude,    Bs furthermore oho^s-those - 

■: reproduced SAPS, tbres on which, the soon-was photographed before 

' ftül 1S000.J  and three sftar fall aooru The libration data «ere 

.   calculated on tho basis of.Heyn1e theory.    Oft caoa map a total of 

16 to 22 points «ae ohosssn,  for which the exact coordinates wire 

known»    Inching tne latter,  it v&s possible to calculate the COOT- 

' ciinates of the points relative to. the line  of the laocB's herns 

and from these the altiiulfi of the s>.a to.    ,, The le.ogth of the 

shadow öf s mountain o.n the GAD was measured by Sahrtstke-Reghtstt- 

stamm bjr rsmns 'of a tris-tigis  scale,;  one sHe of -«hieb ^as directed 

along the shade« and psrpeaUcul&r to the lifts of the tiaras „  fixed 

by a rule. ■     -fetflag obts,:L36a the length, of the  shadow 

' in this ffiaaaer,  expressed in parts of the lunar radius,  be then 

obtained the relative,  heigbta of the jaountains,   us tag the formula 

■ awn MC, ,„ 
tjf„, ^  — 9 «" 5 ft«-..£._ 

{1.01 

sin Y ~ —ii- 
..5ioAf n n,,} 

£BÖ )' is the length of the shsdov, raeasureö from the center of the 

■inoc?a,    Sflixtttka^Fleghtenstarsa lötersinsd the heights of a total 
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s o? 121~ob jects.  He measured the  shadow accurate to 1 mm,  correspond- 

ing to 30) molars &t a lunar diameter of 2 meters on the Paris 

pfcctograpis.    Such an-accuracy,  however,  can be attained only if 

fhe halgh; of lbs sun is within 5° <C  : h f7> < _15°. Whan h^   = 20° 

tithe error can read, bOO /seters and more,    when the sun is ioWj  the ] 

"■.•.shadows will be long -ma,  felling o.a other objects, mil appear 

shorter tas.n they actually are.    Shorter shadows,  corresponding to 

higher po-dticnr of the &m, viill gi*re mountain, heights subject to 

gfreatar errors, '-.In. .addition,  as indicated by Scta-utka-Itöthtenstanün, 

■•   jÄich meas aretseats are burdeaod -with systematic errors»  one source 

'■' of which Is irradiation,   Systasaiie differences 

.'hjavs bees observed between the heights obtained by Sehrutka™ 

jrfbfehtenst aififfl and those  obtained by Schmidt,    la order to verify 

ttWs  ' discrepancies between visual ana photographic 

nfeaBura/aentS;,  Kopmaar« carried out ever tea evenings a series of 

cfeasuremc tits of the lengths of the sbaäcas,  visually 'with a 27 Inch 

rtefraoto'i „    Comparison of those measurements with the data of 

Ifchrütka-ftafehtsiistamai have  ehovn that the heights measured 

visually'ere always less than photographic oms, and amount to 

three quarters of the latter. 

This is the situation ■with the determination of the heights 

over the entire moon's surface. We see that the i&easuroniervfcs are 

bürdensd «ith large individual and  systeratic errors,  and the 

..number oj' points with known haights is quite insufficient to trace a 
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detailed topographic map of the mooa's eurfaoo. ' 

Tte (Jeter/aimi-loB of the positions of the points on the BIOOH'S  | 
r 

surface,, and consequently tfeslr heights, the lEtsasüreas.nts of the 

siooa'a ooce'dlaat©©, ars<3 also a etüöy of Its rotation and of its 

figure w:e eoaaected jU> oro iaaaasr or aaotfeer with tfos observation 

of the moan's edgo. The l&tter Ür^wever, Is sot as exaot circle} aad 

it© .Ü.x3g*ü3,arri.ties are quite ovMaat to any. observer a ad ?«ry with 

the libratloa of tba soon, Ttelr Ägidtaäs somaiiass reaches mora 

than two secosfls of an arc.    It Is therefore quite obvious that 

in all observations of the moon, coanscted vith its ecjgvs,  the 

errors «3.us to'the irregalsritJ.es; of tho taooa's edge aast be taken 

into scconst, 

if he first Bisps'of the relief of tfaa edge scse of tbs aoon 

«ere coftstruotod at the beginning of tl» present century by the 

Geraaa,   astrofioaei1 Heyn.      In ordar to ir*vcs atigste the physical 

libratioß of the moor«. to used the i*efraotor of the Leipzig 

observatory far ßioromairio msa.sarems.ats of the difföreacss of 

the direct ssoensioas ajad declinatione between the crater- Moesting* 

A aa5 fom* other craters» and also öoß&eoied jrdsroißßtrically 

Moasting 4 with tte northern«  souther».,, tester» and.eastern edges 

of the ffi.ooru    To obtain corrections for irregularities of the aoon's 
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Tedge, Hayn /l9/ carried out in 1903 special mievometrlo measure- 

ments of the distances between Moesting A &M the edge of the moon. 

Knowing the apparent direct ascent (A and declination o   of the 

moon, and also   <sL    and   c ,  of tha crater Moestiag-A he compiled 
1 1 / 

(trial equations of the form I- 

JS— $*a» d/?' — cos < SiO *•*/ (af — a) — COS^IS? —-8».   U«09) 

for each observation consisting of 18 points of the edge.    In these 

equations T *s the position angle of tha maasursd distance 

a, arid s«  Is the calculated value of the latter» By solving 

these equations by the math«! of least squares,  the following un- 

knowns «ore determined* GR
S
  — correction for the asswaed value of 

tha radius of the moon and the coordinates of Moesting-A — ü(&± - 

oO and d(B-]_ - £ ) relative to the apparent center of the moon. 

After substituting the obtained values of the unkaowas into the 

trial equations (1.09), the deviations v were obtained,  from which 

d.R.! were calculated* Tho differences of those obtained 'were 

taken to bo tha irregularities of the edge»    The latter 

vsre plotted on a graph, whose abscissas represented tho position 

angle, arid graphically sraoothad out. A total 154 points was obtained. ' 

The changes in the irregularities of the edge with optical lib-ra- 

tion, were established by Kjsyn from this material only in tha 

position angles 180° — 200°,      After fcorrecting the observations 

for irregularities in the edge, taken from this profile,  he 

performed a second solution of Eq,  (1.09) and after substituting { 

?<f 



J~the obtained TCXUBS of the • aakaCMS}egala obtained the deviatioas 

V'.    CoFssMeriag v and v' as Pandas, errors of .observations, Hsyn 

compared    vt   wifclf    v'v*    en« reached the conclusion that a.iic>«osee 

for Irregularities of this aäge lajxrovos ooßsMsi*abIy the accuracy 

,j of the ma^2rer?eat. results, Walls previously ths msaft error of one 

• observation «as a 0.82.*; .  after correotioa of the me«sureiaents for 

irregularities of the edge it became & 0*55!t 

Having'convinced himsslf with this scanty material that the 

* taeasurameatsj of the aaooa i&wat be reduced for irregularities of 

the edge Hayp /20/ avoided iß 1907 to plot saps «i trie basis of 

greater iäaterliilVaädiag to the 1903 observations ths heliometriö 

observations of Ifeoftwig of It?? *—■ 79 aM his. observation v.ith 

the refractor, psrforrs&d Irs 1896 — 1900,,    He had at hia disposal > 

a total of 500 points»    lbs mape of the moon's edge ware plotted 

by him in a. gpherical-coanttßatö sysiaffi. ths positive pole of 

■which is the point, of latsr^ctioa of the flfst meridian of the 

mo es vith its equates* j tfce lo/igititle P •was reekcmcl from the 

ncrtmra pole of tte aoon in ths direction of ttxa 'coast of 

position afigle,, aa& ths latitude D -was racfoosd positive on the 

side of the observer and reokoaeo from ths sqrator of a given 

coord lasts systea,    Afta:r calculating r aM D, which as^e f.uno~ 

tioKS of ths optical libratioa of' the "moors, Hayn plotted an 

thaa points oa ths taap and. äre^ ths lines of eqyal levels every 

, 0.2", Tha accuracy of ths irregularities taken from this map '«ere 
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To teat ttie s',5J,tabIlJ.H? of thase Maps' aad to fill ia- the 

>sn.<* <n theia, Pmbyllok asale use of       640 ^aliatloss of-stars by 

the moan,  obtslaed l.a 18vät — IS97 oa tfce refracier of the Barlln 

j AcacloBy sfid processed by Ifettersacn. /2l/.    Tte latter has determined   , 

vith this raate^i&l Lbs. correction© to th© coordinates ef the moon 

and! to its rad.i.«a- a,ß<S also oertaia iersiö of tbs inequalities of 

the moon's la»g3.tude.   teybyllok consider*«* tbftt the.residual 

<5evi&ti.-wie? ubdsh ara obisileaü as a result of gubatitutiog In 

Bfittom&nri's eqys,t.loös thi most probable ralbüss of ÜB i«kaaäjiss 

v?ill     '   '     be '       precisely tho eor'raoticKs for the meß* Kneeing 

the position aagls.of point on the diak of the-siao», la vhieh   . 

tha cliultation'took placef  he calculated its »8lsscg:rapM.e GOOT- 

■■ dina*ee P earl B, and twsa plotted the irregularities he aalcuUted 

on Heyn« S- map«    It %m& £o\mx that the heights dsterndnsd by 

f*»yb$lXcfc aid not snppXeB^snt tte--raap ia the regioß of the pole, . 

aad I» ffisi^ places aM &ot agras with feyn'ss heights. 

■It jsusi "bs notec!» however, tfcat the method! of orraTtetlc« 

is different in principle :frcsi tha helloiSfltoic method! la the 

-   c 
team B.& employed by Bays,    Fron» a pracssslng of the ixsyltatica 

■ it iß possible to obtain lbs baryosBtri.o Irragtüarities of the 

fflooa»» disk, i.e., the difference battle«* tbs angls aubtenäed 

by the dirootiwas to a given point of tte* moos'a disk and to the 

, center of ere^it* of tho moon, fceoa the mean value erf the apparent 



'angular radius»    By Hayn's method,   on the other hand,  the irregular!- * 

ties of the edge are c&lculatad relative to its center of the moon's 

disk»    But zi-M we kror that the coster of gravity and tho center of 

the ffioon'3 disk do not coincide. 

After becoming convinced that the available  aaioriai on. , 
"-' " r 

obaltation of atsrs by fho aioon doos not Improve essentially the 

Hayr sap, Praybyllok /2i/ decided In 190b to obtatß las own tables 

for the corrections of the edge.    For this purpose,  iß addition to 

Battorsaarf s observations.,  he used 28i hollos®trie  observations of 

Hartwig and 267 observations of Kayn.    After üliwinating the 

unreliable  »tserrstiooat mierialj  ho had at  his disposal löjk; 

obssrvistioaa cf exultations of the atar by the «noon and  helionwirie 

observstlono;  Toe results of the calculations of the irregularities 

of the cdgs vere ropreseuted by Prgybyllok. both io the for as of 

tables and in the form of maps.    Ha not«a thst the overall picture 

of the moon's relief oöta.urb by him is in satisfactory agreement 

vitb the ono presorted by Hays's maps, but to bra« a. detailed pro- 

file of the noon there is not enough material*    lirvortheloss«  the 

consideration of the corrections to its edge,  obtained 

from, thsöö mapa,  gives a noticeable improvement in observation 

jreouracy,    Thus, ■while previously Bsttarmaiirs obtained an average 

error of one observation cf oeultatioa of stars of -A 1.20";  alter 

introduction of tho corrections too error is reduced to & O.fO't 

The raothoci of oeultation is not without As -was 
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i  ahova by RytKa /tJ/f,   öhcrt-psr'idri fluctuations Iß the motion of the     I 

fficoxj can tec .influence the irregularities of the earn,  calculated? by 

tills ffisthod.>     Xiä addition,  'this sathoci does üot aaKQ St ODSsibls to 

determine the Irregularities of the ed.go itk the polar regions, ol" the 

■■ moon,  sines,  for quit« underEtarwsble reasons,  ao octtltatioas-of 

tha star« are' tihmrveci theirs- at £.11« 

In 1.939 X,  K,  iHibro'/aliy ,'lif/ «gaits raised the question of 

using' observation::.: of oeultatlon of stars by the saoon to 

calculate Irregularities of fives indorj'a profile,    Bowysr,  after 

ft'sybyllök5 s uork nobcfy engaged serioualy la application of tta 

oculfatios mthcxj. for plotting mans of the mooif s relief,, 

■Thy photographic ixsihcf yas first/ used and dävelcpcd for the 

!3tudy of the moan's profile oy ]fer;»n /25/1    Be Indicates in ens of 

.his -4)orts /ft/ that ha '«as faroea to turn to photography of the 

aoon because  he ijlid not. have at his disposal either  'lallonicitric 

oi)BB^v£;zxotm y£- oofier't?a^xcna ot  oauilaixoBs in an amount raffle lent 

to plot more  or less complete saps of .the relief.    Incidentally, 

the uethoc of ocuitstioi- was const: eret! by kirn, hr general un- 

suitable for  this purpose,    Hayn sajjs'In photography that admniaga, 

that oa eaoh pl-tte 'With a. picture ot the .moos, it is possible to 

«sasvira a large niKit-sr cf heights aaS "the reduction of photo  

graphic obssr?ationfä ie auch simpler than,  for example» ths 

reduction of taliomtttric otm&„ 

using tte refractor of the Lelpaig observatory;  Bay« obtained 
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in fifty uights from 1908 through 1Ä2 a total of 100 photographs. 

On each of these,  msaaor-irtg 6x9 cm, ihera -were two pictures of the 

soon, and also' picturss of the stars to orient the plate»    The dia- 

meter of the mon on ths plate ainotmtad. to 3 era»    The processing of 

the photographs corsiaisd of placing nsar the canter of each isags       i 

of the moon.,; viitta tte aid of a sharp nasale,  a marker M,  from yhioh   ' 

the distances A to'the points on tbo moon's ectgo and thsir position 

angles tl '^ere aas&ursä «ith the aid of s      .   . Kopf er cooröiaate- 

measuring: sachtixu    Ife then made  up trisl equations of the form 

&-""*$@KK;- £l/ij*e ~|~ s? COS f COS t-ff s|fi <# Sfn K, (1.10) 

:.®Bö fcfter solfS-ag'theK by the tasih-sd of leaat sqünras obtained tha 

öooMißetas of tba oentörs? 3 of a cariate Kost probable oircle, 

■which fits beet tte.point of the «xooais eagOj  arid tbs correction 

dlih to the tentatively aasüised  «ialü©  of the* radius R,o. 

Here p is the position angle' of tte dista&c« zi>$\~~ e.     Usually Bayn 

measisreö  on each photograph 45 radii and by equalising than; vsith 

the aid of formula  (l.lu)  ha obtained' a level      surface, Vfhcse 

radius was Rp + nlty    The difference bet^esr« this and the measured 

radii was-assumed to be the irregularities of the edge»    In thia way 

Hayß obtained the heights of i'jGO points of ths edge» 

To investigate the effect of the photographic irradiation, 

K&ya carried  out photoaatr-y of the moon's edge»    He eslablishsa 

that irradiation distorts ths measured'heights by not more than 

i OIL1?,    Since this value lias v it hin the accuracy limits of the 
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rma.sWBmnts of the heights, he Aisroffseatf it.    Jfayn ucrt«3 that *t»n 

photographing tte moon it is «eoyssary to cheese such o^osursg, at 

vhieh the bright part, of tha «ooa»« surface do not ha,e too large a 

äonslty,  and tfeen it Is penible to jwgleot in moat oesns tte correc- 

J tioaa for photographic irradiation |» 

K&fl&fis? the snsass urad heights;,' «3d also their s^isaograpaxo 

coordiofttoa ? &»3 », H&,ya traced the xsohypses every 0.2'*.    The plott- 

ing of eij.aal height llaae was found to be not an saaj task,    It -was 

nooesBsry firfft to establish yhiöli oaae^etJ telg^tß vere the most 

reliable»    It «8 thsß usesgasyy to viswaltss tbß p&rspeötiw öiss- 

plseasant of the ?aountäia in tha direction of the line of vision. 

Tha iuohjvms vere är&va iu s^ft a «ay that «9W tha observer to be 

located  la tha' direeiioa c£' ike ooca-dina-be arJ.s, tfcey vould eorrss- 

pwid to the toss pictur« cf the x-sXiaf cjily in this direction. Tha 

g?eat aiffiotxtiy ia tha coastrwrtlon -of the ma^ vsaa «lso tha feet 

tMt the sieasifc-cwä poirto woro diatriöyied in tte irweertlgatoä edge 

«CTiw of the Biooa vary irregal^I^  Is eoae plöcan they «ero quite 

dense, and in the otters, to the contrary, there Mere msjay gaps. 

It was particularly eiffioult to traos ti» Isohypses in mouatsinoua 

locations, «here thä number of paints was quite insufficient.    Haya 

rensrks that although the observations conUauad for four years, 

this tisfc was not oaoogh to obtain photographs uader an d&eirahl« 

librations.    It-vas particularly- dlffioult to photograph the 

. regions loeeted- Rear the aooa's' polea.    Tberöfore the regions on the ^ 
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■ maps between ,17:3 a.nä 162° and between 359 and T^ ia longitude have 

great gape, 

k vary ifßportant question is that of the accuracy of the 

corrections taken from the maps.    taeh radius ci* tbe moon vaa 

■■ cisasored by Hay« twice, aad it was thsrefero possible to calculate       t, 

its nveasureäftisnt error, vhiohvas found to be * 0,15"..    Having next 

the differences between the ebasrvcti heights ant]  the height» takon. 

from the map:; for points with known, stenographic coordinates,  Hayn 

calculated the mean error, which ve  shall call the  "smoothing" arrcr. 

Its value amounted to on the svsrage ± 0.29*.    It is then obvious 

that the corrections for tho relief,  taken from the saps* «ill have 

an error of ± O.2.V. Ibis is the mean arror. In 

mountainous regions, whora it was difficult to dray the isohypses, 

it will bo greater, while'in places with gentler topography, 

its value '«ill bo less» 

The min purpose ih&i gidde«  itrrn 5n the construction of 

tte map va& to increase the accuracy of the determination of the 

center of the moon.    la the obssrv-rtloas of tte mooa's physical 

libratloa bj the Bessel <:;sthoä> with & hsllcasfcor,  one usually 

taaasnres the distances fro^ the Koeating-A crater to seven points 

of tbo edge,  Tm position of the center of the ciooo,  obtained on 

the basis of those measurements without allowance for the correc- 

tions for the irregularities of the edge may be in error by aore 

. than one second,  If ve connect Moessting-A to 18 points, thee the 
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f caster of the moon could deviate from its true position by oas-half 

second, viith 40 aeasire« points of the .moos, söge,  the error ia the 

position of the 0100,0 votiM be  one quartor seeoaL -«hareae vith 

allowance for tba irregularities of tb: edge'-it is reduced to on® 

' siehtb. of a söcorbL    These, examples aho« how important it Is to taKie   ^ 

• into caaaMeratica tha arrorg of the moon'© eogs^pariieiilÄrly vhan 

one measures a small nwA^r of points oa the edge, ' It nusit also he 

£ötsd ttrnt by Itttrob'uoiag correction for its aocm'e reliefs wo gat 

rSä of considerable systsnaiic error's, t^Mch frequently reach 2t!* 

the ^ealc point in his method was oensibersö by H&yn to be 

the introduction of e oarkar naer tto conte* of tba «ist, treat 

' vhich the distsftees «ore laaasureci to the &oo.a's ebge, Etrfc tfte iscsst 

Important short«ossiag of these asps vas that the IwUvMufcX photo-. 
■ s s 

.grspha of the moon «ers jrtofc iRtsrrreiatocU  fto ptf lit that la 

1C*'V A.   4, tabnvklri h?>ss ^ptabllfsheb a d^pendflr^o ci ifea 

apparent radii's of the fioca os tbs optical Ii.br0.ti0a ia 

latitude»    fterefore the centers of iisfc sioah probable circles., 

.  aetsratAod fro© different photographs, «13i not ooJjwiiße viih 

each otter. Thy«, the irregiftsrifieä takaß ia different places 

on. t«? itaoSf ■uill pertain to aifferssi levaiecl sorfacos»    Goase- 

quently, ligxbs sap ooniöiae-d sysia^alie errors aM therefore 

the task ix undertook.,  of t\or-ä accurate d^tersdöttioa of tha 

oeater of the EIOOäJ vas not reacted in flabl analysis*. 

Eaya pi&lieäeö his saps ia 193.4*    Forty years later» is 1954, 
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,,L' -i 
ft!» Ibrenah asti^ofioeer Weimer /27/ used photographs of the most, ! 

obtained; by LtKvwy 'awl Palscr« in the time from 18%. through 19Q9 OK 

' tfes large Mfrastcr of the Paris c&eörvatery, la carder to oarry out 

& detailed «äeserlption of the edge of our satellite. J*oa among the 

,6,000-photographs obtaieai by Loe%»y a»S Bt&aaax, only two to 3,000 

'were retained in tbs glass library of the observatory^ stills the 
t ... 

otters were destroyed by tias authors at the- very begiitmlag as being 

of poor quality,:-:   The'focal distsaea of the ingtruifiarit was 18 

meter a j .aisd thersfcxfe ttes foe ft I image of th« »on araou&tsd to 17 

oa,. Wslioor'aoiea thai on"these photographs of the moo«* ona-can see 

IrragtCtai'itios of the söge ©v«a 'Bltk tte? unaided eye» 

There ■yas no $mm of «stag fee tide pmoom all the photo- 

graphs that Weimer ha*3 at his.disposal. If for so other rssso» tlsaa 

.. jasjsy of tbsia wera.-obta5.-fi.ed' ante? tfao .eiaas llbratioßs,    Ba therefore 

cleaMed to trace the prof Has of the aeon's edga for ^oapltsts &»3 

even iibratioas in longitaS« ao.<3 3AUtade,  subject to the condi- 

tion that the difference In libretios botvsea tm gwcceadißg photo- 

grapte vas 2°f    to satisfy this conditiorj it vaa ae celery to have 

approximately 150 photographs.    Welassr assuasoa tfeat tha intarval 

of 2° km otiose ^feelÄsasn ösighiboriag libratioa© is sufficiently small 

to have two siaaoesei« profiles admit of the possibility of later- 

poiating the. heights for intermediate values of the libratione« 

Be reißtorcos hie criterion by means of tits fallcwiag theoretical, 

erg-unseats» ' . 

t- 
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Tha height of a mountain HA* on the v3.sS.ble contour of the 

moon can be calculated from the formula 
A 

c ft?'?. / / ~t    "i i \ 

* A, 
where r is the radius of tbo moor; and L is the angle made  up by this 

rsdlus, dravm perpendicular to the lias of vxaion,  and drawn to the     j_ 

peak of the mountain  (nee Fig»  1], 

srioa-JBsr^tni'WftsTfO:»!-«-«' 
17:('.S^>ÖtCSfTOS'K--Sf-.W,VT(i««c,^lWlUtts,.'*5I(«s^i.JM^ 

/ £*-•$- >  /., 

Uoirrlly the  hoight of the loomrfcafos or;, tho moon dues not exceed 

9 ha,  and tberofore  their  shift over thr aioon's surface in the 

direction of the line  of vision,  01,  at which they still can still 

influence the  torn; of the moon's profile, reaches 100 km,   or in other 
A 

Words,   the maximum value  of tho angle L vill not exceed 6°.     Let as 

imagine that tha plane  of Fig.,  1 is the plane  of the avoorhs 

equator,  and. then obviously the change  ia the tibration and longi- 
A. 

turle will exactly correspond to the change in too angle L,    Calcu- 

lations show that-if the libraiion in longitude is changed by 2°, 

this will cause a shift in the  visible contour over the spherical 
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^"surface of the moon-by 60 km, and the true height, of the mountain 

will be reduced by 1 km.,  Ooiasequerrtly s,  irregularities of the edge up 

to 1 km in altitude, -ag.shrwa iii„cne profile, my be' lacking on 

the 'otherc profile. This my cause an error in the interpolation of- 

,: the relief for iniermoölate librat.lo.ns. j. 

As & eonssquatroa of the. change ia the msan parail« of the 

sooß,  the  shift of its. visible cantbttr reaches in general not sore 

than 2 ka, 'which, does not   exert a noticeable influence on the trus 

form of the contour» 

Changes ia th« Ilbratioä asy, IG aofeiition. cause changes ia 

the relative positions'of two' objects, the position angle of tte 

mountain can b9 determined frois the fotrmuia 

t^HÄL—tg?-coscc^f ' (1.12) 

rirfhar® /\ is t.te selenographlc longitude of the moustai» and bo is 

the libraticn iff laiitade»    A chaste iß /t and b0 by 6fc causes-a 

change in the position aagle by.0<,6cb    Let «s &ssvm that.those 

ffiourrtaias ara-visible in its apparent contour for all libra- 

tians* aaö are located cui -the soo.a's equator* ■ Theft obviously two 

.iaoußtaiüB eay be projector] OM beshißa the other under some li'bra- 

tioftSj anf tbey my bs seen separately unler others., and, the is* 

pcaition angles may differ by up to i°b    In order to have this 

effect hardly noticeable ia the interpolation of the        height, 

tfeißsrj as already msationed,  permits ths difference batwsaa-libra-- 

', tions of individual profiles to be not greater than 2°.    In this 



caasthe.position angle of a mountain, shifted over the moon's aur-  * 

face beyond the visible contour by 180 kn, changes by a maximum of 

0.2°. 

To doisr-ffdne the radius o.f the moon and the coordinates of the 

canter of tfao moon's öisk3 Weimar ttssd Hayn's jsssthod.    On a photo- 

graph of the'moon near its center/ a nsarker M «as placed! from 

which from 40 to 45 distances A were measured to the points of the 

moon*s edge« as veil as their' position angles  # *, after uhich the 

coordinates of the center of the moat probable circle z and its 

radius R wre äetaraiiaßd by solving by the 

method of least sqwsras the trial equations of the fora 

•' A — /?0ä tf#?e4 * cos f cos f/4- e sin ? sin ®?, (1,13} 

«here fi is tha'position esgle of'the disiaaoa sM-• e0 The sogt 

probable circle so determined is called by Valraar the «relative 
his 

circled      ife ae&uwes that all relative oircles, from vtaich 

he moasureg the ^regularities of the edge, lie on the same sphere» 

To cottfir/B his conolusio&g, ha refers to the vork by Chevalier 

/28/ and Puisstoc /29/, «ho, whoa staying the form of the 

aioott' a disk, «sing photographs of ths moon, noted, that the great 

irregularities of the edge have a character of contiguous forma- 

tions at large changes iß ths libration. They explained this by 

aseumiag that the mountains and valleys stretch out over several 

degrees ia longitude and therefore they are visible at different 

: liberations always in the edge sons» For this reason tha concentric 
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r0Jtr«le», la Wsiaer1« opinion, shoiaM not differ greatly from «oh 

other.    la these aieoassioßs fei£ör does not consider the existing 

a^asaetry of the laooö'e 3i.sk a»ä ctmsaqusstlj bis conclusion is la- 

correct,    la add-ltioa, he seized Eqs.   (1.13) *a four vsraions for 

, one photograph aaleots« by him,  uslftg a aiW'«r«*t aiÄred points 

' of ths edge sad coverifijj or;s half tar oi^ quarter of the arc of the 

mooa's oountcae, Vfelner attempts to pro1'®- la tlüs sanmr that the 

radii aod the cocr-Uaatea of the trau center» determined la differ- 

ent versions, v511 acvi differ graatly feres eaoh other,    It appears? 

to ue that Ms optimistic ooaclufllcwis,  on the be sis of data that 

ths Kooß can be aousArtareti a sphere, are qalie problematic if far 

'no otter x-essea tMii that they are basad ©a tue rasasöremBÄt of 
average 

oßly oua photograph    la addition, it does not giva the .   '     errors 

of the obtain values of 'the radii &mi cooirdiaa'tes of ths cental«, 

aM it Is therefor diffioult to juriga tMs reliability with vhicfa 

.they b/ave beea determined.    It is kaswja tbat when ths points «over 

a sbort arc oa "tha moon**   edge, the unknowns of ths solution of 

Sqs,  (1.13) er« doterolaisd vith a small weight. 

Attes&ptlag to prove fw'tharffios'a that tba relative circles 

of tha weetevi» aa5 «astern half of the coon do not• differ from 

each otiwr, Weiser coaparad his mooa's profile with ths profile 

obtained by Graff /30/ during the. time of ths solar eclipse, and 

the profile drawa by Chevalier /3lf from, obsoafv&tioas of tiw 

moon's eclipse,  ' Stosa such a comparison Meter ooncluäed that the 

5? 
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! principal heights and depressions in these profiles are in satis-        * 

factory agreement with each other. Hera again in oar opinion the 

material was too small to be able to draw say decisive conclusions« 

For the sake of orientation of the photographs, Weimer used 

. 24 craters viih spotty know selmographic coordinates«    Knowing the   ^_ 

latter, ana also lha libratlon in longitude and latitude, it is 

possible to calculate the position angle of the crater relative to 

the central meridian of the moon, and consequently to orient in the 

necessary the plates in order to measure the position angles of the 

points of the moon's edge.. 

Assuming furthermore that the shape of ths moon, is an ellipsoid 

of rotation, Wsi.ffi.er dstarminod it a elongation along the direction 

towards the earth,  using for this purpose 72 crater.?.,  uniformly dis- 

tributer] along the aioorrs surface, Bros the calculations of Waimer, 

ths moon is elongated by 5»8 km towards the earth,, The geometric 

flattening of the moon, which he determined from ssascreroants of 

ths craters, was found to ba greatly different from ths dynamic 

flattening,  obtained fro» heliometric observations. 

After the coordinates of the true center of the moon's disk 

wars calculated,, Weimer proceeded to draw the moontg profiles« Tha 

moon's conto«? could be outlined by three msthodas by raioromstrio 

measurements, by photoolectric registration,  or by optical regis- 

tration,    Wsitaer decided to use the last method, which in. his 

, opinion was the simplest and most accurate. 
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I The' nseihöct of optical reg:lsl2-&tlon coÄsiaiect of' iha following* 

The photographic plats yss placed is the sBasiff'äag apparatus In suoh 

a vsy that tbs i^-u-s ceirter of tb.a acorns disk oolseMsd •aj.tb the 

center of iha rotatlcg eleele*    TOO plate %as Iliirsiaeted,  so as to 

j be able to see veil t& mooi>ss edgss   Rotating t«e barbie of tte 

»divloiiig haad «Ufa tha laft harti» te crm-? t-iith the-right hawc? oa 

par:«r tb.e moofi^s profile, üksry 20e, aarkers wsi*© nada oc i;-is paper 

tsps, ^hich then served to cali.bwbe the abscissa a:ds4 

la cft'dsf to dr-a'a tiso relative ois-alss, Welder proeeaded in.tbs 

following laaasar, 3?Vos tbs ae a «.tared position a«gls?s he obt&Imd or* 

the profile these' "points of tte sosa5«? eages -y^ioh VöJ*ö ussd by him 

to dstermise the aost probable circus a    Xaovlag taa feslgata with 

rsspeot tö this einöle, ha oovJ.de by m&s'Züixsg t,M.& tsight along 

the öaalts of tbs registering apparatus, plot on ths iapa a serj.es 

of poiata w&Icsh östarirlfts tfee ^elatlva lliie«    It «as •irmn oxi ttei  ' 

gff&ph is tha rora. of a straight Xis», 

fha irragtüjsritde s la iiss iaooa*s profile 'Wo da'ass oa graphs 

. at a fl5s.grdficatio.si o;f 24 iiassu Bscaus® of tiis gralttiaess of tiie 

plates sM the blue* log of f,bn aooia' & eäge^ It vms possible to 

i%$ details, aco cording to ¥slmsr?s eetlsaie, *sithla 10 

Möfo&s, viilc-h at thio sc&ia of ths photograph araour^sd to 0.1 

eecottda.    This qua&tiiy Is (la vlöissr's e-plaloü} the aceur-aoy of 

Its ps-ofilaäs.    Es considers it to h® ... .   , fully, adequate, 

, cc.rigi4erl«g that the errors sz« 'positions of the stars rseefa 0,3 
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PsoOoiSiSSj «M tfcß ■ iastsfffce of cKvalfciiiicss of the stars by tfes xaoou era   1 

jaoisd «itß aß «itocmraoy act öxceääißg 0*1 ssscede its. • tl« a    It sbjoulcl 

■"ba'iiotMj, hotuaver,, Üs&i   ■ Ifeiiftar-s ssf.lss.'te of aaotiraey of 

M.s profiles is,-it appeals to iass purely quailta.tive aa:i its ir«e 

lvalue Is xmäo^his^y l€«rrs t 

1   ■    • r 
fb& first pert of Vaiwea-'e atlas /33'/, wfcieh oontaSJas 73 

jfiooas prof lies fee th« oa^ferm-edge of ttea moon» wag publlghsä In 

1952 o;a »ix largo eiisfists Bisassriag; 0,74 b;f'i*$2 m'mrs-, Hbe secoad 

part of the a,tla?s (fee tfes wstes** esge), which oomsias the sea« 

aaafesr. sf'ps,;ofiies4 ■eiieiüi.ö; !>3 präidistefi later»    Xr, spits of "the fact 
at 

that' feiser M kis dispess,). 3,030 photographs,., te isouM «fit carry 
■      <a v «.■«"'/ svÄ-n 

out his purpose EGe'Ssrs'bSily, iiaas!^ givö.tfe'3 profiles for .'   '... 

Xibi'&tie,»,,   la losigiti^e aal latitude,    Soc«iima<vii» actusl 

iiisratlos. of ti» pfeoiogi'&ola de^i^tes up to Is',    Ttewfta"® feia«r8s 

graphs coateia both Meal, llbrestiofts &s sell as aataal e»8sS; 

«ith, s oot«t of töte■ pl^.lc-al librati.oa, c£kiul.2,iä/5 «acls? tk) 

Hiilke täe Bsys m$et oa "which ti'sß height© srs t-s^resssfiiad 

as funsf ioas of thai selsao^eplii« cioca^SlBaies ? &rsa B; iß tits 

Vfelscsa1 atlas t.b,sy pas-tals t& points which are äeterttiasci 'by ifee 

i9altK<g of tis ,;tosii.los angles IS  relative to ibs mesons .axis» 

"Phe posit!« angle© ar$ plotted is.^it'Sfs of lö along tte absalssa 

axis;, sea the length of ,1° o>& the gt&pfe acrraspoais to 5«.» 

The ordla&ta axis Is eo ^«aiJusftsc!., that the irregularities are 
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freed in an angular measure far an"observer located at the man dls~    1 

•  tance betyeea the earth and the moon.    To obtain tha angular value of 

the irregularity of ths edga, ocrrssporsdlng to the topooestrie 

parallax p,  it is necessary to multiply the value of the irregularity, 

i measure tha graph, by p/p^j  fchs fioriaontal-squitorial parallax of 
' '*~ r* 

; F 

the moon, pü1>, is t-skea to "oe D»9507&» 

The blights cas be aotarmlnaa fro/?; the atlas in ge.oeral by- 

double interpolationf vtaioh u?»äottbtaäiy »akes Its usa difficult.    Bat 

tha principal shortcoming of W<=J liter ss atlas is the same as that of 

Haya's amps,    Tim Irregular it-is s of tts edg?f: taken fresi ills graphs, 

partaia to different level sorfaces»    Erofe. /32/ obiaitied a con- 

sidsrabls c oaf fie lent of iioratio.u of the moo» frca observstiofts, 

in which a correction vas introduced for the i-reguiaritieg of toe 

edgs after Vfeiraar's atlas, 

Starting with 1946, work WSE carried  out at thß itaval fesor- 

y-aicry in Washington, under the leadership of Vatis»  oa a study of 

ht-SG   rS-lXSU    CX    s^C ,.-.-!'>   4->t!»    A« edge Kons of ihs moon«    The photographs,  u,sea 

for this purpose, vern obf,aii3£d la Washington et ite lale-CcluaMa 

southara station;,  in Johannssburg, a«! äst the Lowll tibmzn&.taty 

in Flagstaff  (/irlaona),,    tits profile of the moon's-«äße3 were 

traced phoioel««triealiy on a special t&easttriag Kaeaioa« From 

the latest cümaiuai cation /3f/ concerning tho eouree of tha vorkj 

it is ease that only 700 photographs were used for tha «leas'oi-e- 

aeztts, obtained in 400 nights, Tha ruoo.ass relief is proposed to 
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' be p^esauicifS i» the form, of rasps»  . The ■fa'sssxtloia froa prof lias to 

«apa Is scheduled to be coaclitlsd by July 3,956, 

lkä;;"oT't>uci&"W3Xj'it ITOS '■'ij.bo fjiiäOt'*v GOS!:j.uß.:LGc.rtioi"ii3 /i>s.dä iät üix'isyöiii; 

tlfflaSj nothing can. ia said in detail ragarlläg the procedure uss-t! to 

-i plot the saps.,    Is particulars  it is kaoM.ii how ths trails problarn of       ir r 

the level .suei'teie VJ»S sol'irsd,  äomtbi'as that is 'BöütioKsd only 

vary briefly ■ in. one üonGttaieatiorj, /35/i    feiger,  aa v;e iiav« already 

ncted, refused. t;> use photoelectric registration of tbe moon's sags, 

considering tbat this method te,;;in.ct always reproduce Itis trvis pro-* 

file3  and at ihs.sama tits it.is quit« ewafosrsuisa,, 

.Ths icfistruation of relief i-iaps, of the w-oor, is at the present 

time a probh-K which caA-v-t ba posiroMd,     It -is sssiieatial for tho 

eolation et nany problems tfeaiscied, vith. the observation of the 

'meson,    Krietenson /36/ carle e qualitative ssiimia of toe. srror 

■which can arise In xM. dei<xvr;diistl cai of the jasta.tre of ecntaci 

bafo-fseri the sun art the noon cusrlag the tiae of an eclipse,, if 

one disregards the changes is tta profile  for dUllar^st points of 

obsor'tratioa &n a result. c;f ths effect of dif Pereati-al llbration» 

Thio error aniotmis to;150 swters; on the  surface of tfe> earth, 

vhereas, according to the; calculation« of Bon^orf,  it should not 

Tha presently available maps giva tb.o overall picture of 

the E.ooals pr-cfile,, while iitiiviaual sinats details of tha 

soon1 s relief era smoothed out on ttea.    In order to detail ttes aaps   , 
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"of Ksqra, fflsjoy author» (Ti( have compared the irregularities of the 

moon's edge, obtained by measuring photographs of eoiar eclipses, 

vith the heights taken from these maps. Ths discrepancies In heights 

reach bars frequently, rnore than one second of an arc. This is no 

;wonder,  however, if o.ne recalls ths difficulties with which one 

encounters in the study of the moon5 a mi or ore lief* 

At preseat-there exists extensive observation material-to 

be able to arm detailed isaps of the laoon's edge, Howler, its pro- 

cessing requires much, titae and labor« Jit ths sass tisse, it is 

necessary* to solve correctly the problem of the level swfaoe* Ths 

öeterainatiofi cf the latter is cosßsctöd iß tia*n with investigations- 

ofiths moon's figure.    Observations of tho moon indicate that its 

figure is asymmetrical. Ths deviation of the figure of ths moon's 

disk froma circle is oaa of ■ the bssio sources of these coatradlo- 

tions foaai! betwse.s obsarvod asi theoretical positions of the moon 

in the sky,, 

On©.of ths first investigators of the moon's figure was 

Bbrtso.n /3H/.    He considered tfao moon as a threa-axt's ellipsoid 

and from., the comparison of the observed positions of the moon with 

the o«lcabated ones he came to the conclusion that it should be 

elongated towards ths earth by 59 km*    These oonolusions,  however, 

, vex®, refuted' ©van before they vsere published by the investigatioas 

K3 
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of Mlübsmm /39/ m the physical libratioa of the mooa« The glsrnents 

of rotation of ifee Isttsr; viere calculated fcy WiofcKö&n fro» halioastrie 

observations of the erster Moest.iJßg-A, öonsidöriiig that ita radius 

fectox- Is sqtsal to the maaa radios of the soon,   fee Bsase&'s 

• cffOEOsAfcioß to be correct, tl»a tfea perspective clIsplaosmeKts of       .   i 

thsi crater Mossling-A «ouM sake Ito observed positions different 

ttom. täp calculated oass by SH, süisethlAg that did net oeoisr la 

praoilee«    Iß :feßti as follows from the detarffiiaatioa of Kc-piaann, 

Woiiaer, etc«, tte 0.00a is eloagatM to^erds taa earth by 5 •— 7 km.    . 

Kowövar^ m ^attei" '«hat this sle>iag&t.lcm sight bs &®ä the 

associate?! removal of ths crater1 of gravity from tfes esr&ier of the 

figure of ihs stooa. It mast sot be ooiifosed \?ith th® fact that the 

«enter of gravity of tte ©con. dosa aot coincMo «it.h the cseatsr of 

its« visible disk»    To calculate %h® position of the center of 

gravity of the ssoo» relativ«! to ites center of tfes figure, Baesea 

/4<V Iftt:ec«ussd two oo^diaatest oas is tbs diraetiox* of th® 

radius psrpsaäie&La? to the DIKCS of t.he aallptic, aacl asottisr ©«*. 

90* to it* Th© eoöräia®t*5 la tte ple&e of ths ecliptic could faawe 

bea« ealeyla'ted frcs observetloas of isrg£ p3?ti?rfeatIofts of the 

aoüÄ55 os'-bi.tj, but in päf&öties'this Is hardly possible, Thß second 

eöcrdia?.te «as iöteralascl froa the differess© iß th® observed, aad 

calculated äsaXiuütio&s of ths moon,    ffae älöiaaös bstwsea tte 

oöRf^r of gravity asd tha ce&ter of tf» flgt^ra of the isoo«, 'which 

,o'Miag to libi"atio;a I® variable> can ba .reprsse-ßtad by the following      ( 
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formula /41/s 

ä0 4-üfs sin (i — »), (ia.4) 

where | — longitude of tta moon and n — longitwäe of the ascending 

node of the noon's orbit oa the eoliptio.    Hansen, Battermann /42/ 

.Bakhiyzen /43/, Nowcorab /W and others determined the distance ^ 

between these points from, meridional observations and observations 

of ocultations, which, fro* thair definitions, range frcia one tenth 

to one second of an are.    Here all the investigators agree that the 

center of gravity is to the north of the center of the figure.    A 

proof of this is also the negative correction for the moon* tu 

latitude, determined from a comparison of toe    meridional observations 

and the observations of ocultatioaa with the gravitational theory of 

motion of OIK- satellite.    Thus,  from a large series of observations 

of ooultations,  Spencer Jones (löl found it to be equal to - 0,9 

± 0.04 seconds*    Böhme /46/,'from a long series of feesnviich meridian 

observations, found this correction to be 0.51 ± 0.03 -seconds, 

From photographic observations of the positions of tha moon, carried 

out by Hayn, Böhme /47/ found its value to be 0.51 ± 0.10 seconds. 

We see that the corrections for tho latitude of the moon, obtained 

from diffsrsnt observational material,  is determined 'with great 

reliability &itf. indicates the presence of asyamatry in the moon's 

figure,  since the calculations of the'correction for tha latitude 

are made under tha assumption that the moon is a sphere, 

Viewing the aoon through a telescope, us can readily varlfy 
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' that its coßtour I& act a <$iva±®f but is out up by valleys ana 

projections«.    Those IäSguioritia# öf t&e moon's edge? JUfttrodacs 

gygtosatio errors in the db^rwtic-ßs» They osa have a psrlodlo 

character,  sl&oa becausa of the optical lib^ation, the same irregur 

flarltles appear oa ih'-s ®6»ß of the moo.» s,ft«" tiis lapsa of a ^ 
T .•''■■■ ! » 
.definite time.    Tte? literature oontaiss saay Indications that . 

the ifiooa!s obsorvatlotts contain, the so-called "11;* effect«51    Thus, 

&D'i»e? /4B/\eoaolüöes from a äisoüssioa of   msridloml observations 

aM observations of ooultatioagj that 'Use aotioeabl« differs&ee 

between the ooefflcieata. of tho pot-loäie t«ra@ iß too icoon's 

longitude, obtained for ttes e&siora eacl «estera eägess of the mooa, 

is a ccmsaqtisfte© of ths ii&b offooi,    'She l^-aoatk fieri, od ia the 

d^oXiseiioas of ths latitudes of tfc.o noon vere G'splalned by ■> 

33rcfom /49/ by the pra «ä.aee of ths? gams offset,    Morgan and failing 

/5ö/, io oospsrifig the MasM-ftgtöü aaä the Qreeawloh observations   '. 

of tfea 1S.00& with Brown's theory,, fcav« estsbllslisä a depsaaOAoe ef 

the ^eiftaiaiag OB ths 'optical iJlteatioa.    Ifetta et al« 

/!>l/jj  iß researches demoted to this problem,  indicate effects of 

similar klöö:. 

We faa'^e already ßoisa toot is studying ifao rotation''&rsd 

ffiotioß of ths E30033 w© obasrva la oas mansey or mioilsffc Its-edge* 

aa<! tfe lattsr is iderrfci fled.  (disregard lag lbs alair&s rali&f) 

%d.ih ths arc of a circle*    Ho'vJ^sr,  slfica jLAe lekoU'kia /&!/ es~   . 

, isbXishod thß dspendsnoe of the apparent radias of the raoon on the 
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optical Hbratlcn in latitude,  suoit a representation can ao loagsr be ' 

coasMeröd correct.    This äepsnieaes u<?.g verified 'vith a Large amount 

of ob0?rvaiio2isl aatertai,,    It aapeareo ill all the marläxoRfä and 

oiioYofflötric jBoasurö.^ats, in the observation of ooultaUons, and in 

.photographic observations of the noon. ¥iib this, it takes place t- 

both IB observations ir; which cöi-rbctions have bean s:a<3e for 

irregularities of iho n:Doas s edge, '    aal in that ease woer. the 

observations «era not corrected for the st>.o&n'u relief,    The dependence 

of tte radius of the moon h on the optical   lihraiion ialafitude b0 

caa be r-sprsse.ntod in the form 

Ä^ijiÄft«, '     '     ' (1,15) 

«tore k is the coefficient of libratioas» fhs agreement betwesn tits 

individual values of tba coefficient ks determined froir, different 

ffiaasureffisatsy   is quite  satisfactory. Tils can bo illiisiraiecf by tte 

data of the following 'table. 

The fcsragolRg TO.IUSS Siffar sonjsvhat from the coefficient of 

libration, determined by V,  K.  Drofa /32/ from laicronretric 

aeasure?aÄiite vith a double  ocular or, a refractor«  This is 

apparently explained by the fact that ^hen reducing the observations 

för irregolarities of the eagö^  be did not u.ss Haynä3 map, like 

all other investigators, but thw Weiser noon}8 profilos*    A. I), 

Koroikova, a stud8at of the Ka?W Tfoivsr sliy., invest!gstod the moon's 
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"relief saps .prepared by Pjrsybyllok /22/,    la, making" up ttde map.* use  s 

¥3.3 laaäe 8sso.aiJ.ally ofobaar^atloas of ooultatlott® of st^ra by the 

moon* The radius of the. moon obtained' from, bellosstrie observation®, 

oorxeoted for the rcilisf against those maps* «as ale» louse-to   ■   ■ 

inolvde tte libratioa of foot,.    Ths latter, accord lag to her eeloula-  ^ 

tioes,, ¥as found to be 0,0228 A 0.015 eseoods,,    it Is quite reisrk- 

able thai the defend sues of the radius oii iäa' optical libratioa. iß. 

latitude appears is photographic observations just aa reliably as 

in-all otters»    "We note x>rj.y thst'Iß this ease one uaisi'take    into 

aeoouiit the eristlfig depoiilcEos of the moon's radius, oa the density, 

of the negative? as i-uss shown by X» ?,0aiirlllov '/52/\ 

Tha table lists also 'tbs'coefficient et lite a tl on,, calculated 

by A. 1, 1'skovkia/52/ fr:« WOTidianal obaarvstioM;, osnrisä out 

., at tba GrsefAKlch ofcssr'iatcsfy iß- 1923 -~- 30» Trie coefficient 'was 

obtaiceti from the co»aitio.n, that the Jjieliaatloii of the liaoar 

■equator to the -ecliptic,/ fte'iveä ffos obssrvatioös öf tte nortlharn 

aad southern edges, of tins soon, are'not tfes- saisa« The libratioa 

effect -Has found to bs of the mm rmgrä&vä-a ad obtained by other 

detai'cdßatl.o.ns, aLthcvagl ii-vaa derived In as ©atlroly differest 

■ raanr,OT, -This prov<sä öonolualvöly that the polar radius cSepeaäs OB. 

tt» opties.lllbrat.lon in latitude,,    Later-on» as we shall.see in 

the third chapter of tbs present vork» JLA, Iako"?kia showed that 

tha libration effect depends en. tte variations of the southern 

• edge of ths soon oily. 



r        , Thus., there are no data to raise any dotibt of the preseace of      ' 

the libration effect«,      However, >;fa&t is still not clear is the 

cause of this affect,    fhsre. have been niany statemeats aaäe en 

this topio.    In the oplsioa of T. A„ Banachie'wiea /48*  54/b the 

ilakovkih effeet can bo caused by the follo'rfiag factors. ¥s usually        ^_ 

ßsöstffi'e the ©astern or ths 'wastorn half of the moon., •which apparently 

have elliptic f arras, aia as a result «e obiaia a different value for 

tho radius,    It is also possible that the appearance of elllpiicity 

may ha am to irregularities of 1» Bioon*G ed&e,    actually,  if is "' 

fcaowR that tb£re are mawy high mountains on tha souibara «dge of 

tho ffiooö* ' ■ 

Tha^polish astfoRcissr Eosiei /55/' proposes that ths appearances 

of ths libratio« effect arc expleinsö. by tha method  used to process    ■' 

thft obsSi vstfonal material*    Ife  asset?  la ths processing of the 

Dcrpat aeries of heliomairle observations made by Hartwig the 

Xraiöwiaa method, proposed by Banaehis'wics,,    "Khea this method is 

used for the processing  the form of the "trial equations is such 

that one za.n introduce in them as unknowns ths corrections to the 

radius of the raoon.»   /x h, asd the coefficient of libratioß, k, 

assusiag that they are coaßsotsi by a liaear relation of tha type 

(1,15),    With each a processing,  Eoz-iel obtained from, Hartwig*B 

observations a libration coefficient of aero«, Bo therefore con- ' 

elected that by joining both edges, «hers ths equalisation of the 

obssrweiems gives a certain valtia for ths radius of the moon, tha' 
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depeaieaee of tides radius oa tha optical liberation in latitude 

\?aslsh0s„ Tie Mboa Coatslseton of ths laterjaational Astaronoraie 

tfedoa has expressed a äesive /W at verifying thi» aad other oon- 

elusions m&3a by Kosiei through t!w usa of sore extensive jcaterial. 

For thle jnirposfi X undertocfe in 1953 a i'oj?xoasißg of the hello-       |,„ 

ms triö observations of tte aoofi.s narried otxt kith tte Kasan" hello- 

ffietar froa 1938 through 1945 araä previoue3y processsä toy the claegie&L 

iSötliod /56/j by ««lag the Erakoyian method*    Ttao«gh simultaneous 

prooessiag of both edges of Urn, moofi are obtalwd it» following 

r©p«\t A7'/s 

"tk*.f frf* 
Is. the librafeios «osffioisnt M tfc&e casa, -yithiis 

the Xia&tei of its mm. sutrar, is actually jcaro«    L&ter oa I also 

carried out es sxaütly simller equalisation of the observations, 

sspiearetely for tie aastern arrl vectors edges of tbe* £ooi>? air! fousd 
for the eastern edge for the seelssra edge 

Aft « _ of3/ — mm b9 Mi «= - 0547 -|- 0f035 

±0.C*8±0.Oii i 0.07 4 0.007  '     „ „ 

It Is see« therefore ih&t the libratica term la tlais case is not 

äiiisißatsa.    An, aaalogous result ^as obialsecl also iß ttes prooe@si&g 

of observations by ites ordinerv method /$6/8    Tfas ssIeflograpUio 

coordinates of the oraia? ?4oestieg-A. derive«* for individual edges5    ä 
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! ■wer-s found to differ considerably* from each otter, namely* 

for the ©aaisei?» edge for the western edg© 

X^-D^fT. * » — 5*1 i'43* 
■ p*-3 111©" p~-3  1234        (1.18) 

All this indicates once snore that the centers of the -western and j„ 
f 

castor« half of tbo moon do not coincide, in vim,- of the existing 

asymittetcy of the mocn'a disk«    On the other haad? when both edges ars 

simultaneously processed, this effect beoomes smoothed out. But since 

in obss.rvatlo.os one ■ deals vith only one säge of the moon, one 

cannot äiKesgsrd the limb sffsct« 

lotorosting worir. on the study of the -noon's figure was carried 

out by I. V, Bol'kovich, By analyzing tha observations of the 

oea3.tatlons of stars by the raooa and thö meridional observations, 

I. V. Bal'kcvich /?3/ reached the conclusion that tha figure of 

tho moon's linib is asymmetrical sod that its change takes places 

in all probability,  in the. region of negative ii'brations in latitude. 

Later,  in his large paper devoted to an SJivestigatlon of the 

physical libration of the raoois,  I. V. Bfcl'kovich /59/,  «si^g 

extensive observational material obtained 'with tha heliometer of 

tha Blngel'gardi observatory,  concluded that the apparent disk of 

the oooa la "deformed^ dapendifig on the valwßä of the optical 

llbratiott of the moon»    With this,-:lu hie opinion, the radii of 

the eastern and western edges of the rnooa's disk differ from the 

optical libratioa in latitude in different ueysu   'In determining tha t 
•—i 
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1 iltoatioö' effect for the i&ltvldüal edgas5  A.-V.BexVovioh /oO/ ob- 

tained & result vhieh ifc analogous to oars. 

4»    On tbs Betermliiötioa of ths ^asi^ts^Jt, 

Ono of the 03«tt)sl prctlexs in the'p^blos of investigating 

/pinsle el Itbraüoß of txw raoon is the determination, froa obssrvatioas, 

of the parameter £ a^i of t&s UolinatJ.cn I of tbs EOGü
4
 a equator 

I   " I 
j to tbs ecliptic. Tm vslm of f is a function, of tbs principal « 
f-   • .1 
! jvjnisants of in&ti&a of the oooa, A, B, aad C, and oiaarootariasa its 

| dynamic features. Kj&owiag £„ we osa draa oottoiLiwdotxe regarding--the        j 

figura aal ixA&rmä. ca>33t2iuöiiofi of. ths SKJOS.» The mojgsrs.i of iiäörtia 

0 is tha greatest ana Is directed along tha «ads cf rotation of the 

ncGfis \jhila tbs two others lie. ia the plane cf ifas Iraoar- equator-, •. 

of ^hiat A is aloag   a« axis aireoted to tha poiat of iafce:? section 

j of tbs asro sssrMian with tha equates?, eaS B along aa axis perpsaai- 

etlar to tha preceding ■on®.    In cycler far the :£*otst,los. to fee stable, 

I It is obvioue thftt it Is ascessary to haw A <  B <,   «*    She **laß 

! cf f should raoga fiece. aero to müty, it oawoot be B©ro„ nor oaa it 
i 
!be ößlty.    In the forissr oas® «6 would obtain C a B, I.e., the 

I 1 position of tbs axis of rotation is iaäeterwiaßtö s«-ä consequently 

jfj-w •ff;t?itiar> tiiil fc« urxstebxe.    Itt tha Bsmma case A, =s B, -i.e., tha 
1 " 
fmoo.n ■will ba m ellipsoid of• • ..    revolution, aact Gsssxiii's first 
!  

I law is itt this oass impossible.    We can ascertain ttsoretloaily tisat 

I is the interval betwaea «ero a^d unity, töe value of f nas several 
LwWJ^lW«!««««^^ 
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miiMwfcw* vmxW-ii>#M*B< « 

oritloaX valt*a, at wbich the first law of Cassini ie also exoltaded. 

. -Tba», to exanj&e, vteu f > 0.662 the ooa*fici««t o£ sia S« (*> .i*- 

tte äistoaee&oa tfcs laasr perifjoa to the asocMing aod* of the 

ffloon'a orbit) 1ft ths e^asiott of the physical llbrattoa in latitude» 

IT", &S&WB9 aa infinite wlusa. 

j Prom the fteat Öermen teeHoaatrio esries ojf obeer**tions of 

I tl» »ooft. Win haw» /39/ Hedwig '/W, **««« M Ä«a 8t*attoa /62/ 

"  obtained a rail» of tiw parater f close to 0.50,    Affe» Improve 

ths tfaaoffy of p^fttsal libratloa of tba mom, Bays ACV . ifl 19a4 

founä it to-be O.sk    later, feoa ppoosasiKg M,s ova observations 

vAtb a redactor **d the ,-wiMea of booervatioiis of Soialufcer «Da 

' Hartwig, bs obtain a valt» f * 0.73, «blob ia still the stetlag 

point la ths caXouIaUon of thu lifer'atiao cf ths »ooa. 

Russtfia t&veatJÄfttoopeä applied ipoti effort aftr! lab» 'to ths 

j starlT of the ptyelasl Ilbration of the fflo^x, carrying out large 

I aerie* of obsa^stioKs'vIth & iielioöetär-    A. A. I&kovkin /63/ ob- 

j itdxiM firo». the ohser7stipaa of i. A. Bwiacblevies a value of £ a 

I 0»%» a.aß from sis' old large series to obtains^ 0»6& /64/» 

Tn "sQ/ft T   ¥„ BiV^kstviöb 765/ oslled attention to the fact 

that «höR ttee value of f is close to critical, ths aiffereatial 

equaUoa» relative to at. beooase iaaaawats*    In this caae it la 

flecoeae-ry to. naka & s«cood approsliSttUoti, vhlcb ooaei«ts of the 

: failing.   Syeoifylag a Series of v«luss of f, oaa oeaaplles several 

t -***.»*« Ö** feia! Mnattoa» aad thsn, after «olving them by-ttea fft**^ 

rv 



of least squares, one assumes th-a rsost probable to be that value of t, 

for v hie fa the .sue, of the squares of the deviations is the least, 

|With such a isolation wu obtain two values of this parameter, l^ing 

on both sides of the critical- value»    Thus,  I.V. Bel'koviehj  by pro- 

.oessiüg his owa observations, fou«5 for f values of 0.60 ©no. 0„?i, 

while for the  sarios of A, A, lakovkiü ha dbiaiuoa 0,62 asd 0.71.    1 

obtained from the helio«3tric observations of iXr&guov aad frosi tbs 

proeöggiög of the observations of. 1938 —■■ 1945      velussof 0*60 and 

0,71«.  The Polish astronomer Koalel /6b/,  using liartwig's obssrveiions 

[Iß second sftpfoxiniatlonj computed ia a different meaner,,  obteinad' 

exactly the gasa. values for f« 

Actually^ with the soe&'s rotation stable, there should be no 

such duality in tas taluss of f, aef the question thus arose of 'which 

of the two vsl'sjsg is correct,  ftus question stas sossiderec! in detail 

by 8b, T,  Sabibwllin /6?/,    The a us st los. of unicue öeterrsiAsiton of 

f vsas solved by him by,finding a certain fumstioa of f«    Such fuse™ 
■ 

firms srs the tsriao of the longitudinal equations for the deterraiaa- 

i ffcioa or the constants of the ixi,ooa8s physical ifbrailan,  a^ nin sl 

j(v;hare g!  is the raean seomoly of the  sun) and a;   sin 2&J.    To deter~ 
t " ä 

bias tbs coefficients a-s aiid a., Sh. 1,  Kabibullin used tba observs- 

fcioiis carried out vith tho  bsliometsr of the Erigalf gardt observatory 

and  his own soriss of photographic observation,1? of the moon,,    After 

obtaining taa values of the cosfflcionts s, and s^  ha calculated fros 

\-U sn< xn he value of f ard cone lid ad that; its true valffl is__i0»60ii__r 
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»sijiiiläE«e!!<*fl«itiii*l- hi,'.»lMi«lH,«(' «KV****!*»** 

This problem was' also, solved by the Vi&imm &&t;rotiamt 

:Sc.teMtrbka«B:eehten3ta£a /68/,    Taking it lato- aeaount töat tbs aspen- 

:aenea on f of'tna obasrvad. .qmntit.kj.s is iKJiilInsßXj ha sapsmiecl ia. f 

th* srnrossioa far ths phyaiosl llbre/ticm in longitude f  tbs- term [ ...„-     . ... | 

b-  e-s«  9 fcs     Annoi-'ipr -°'nc" k- i;<i 'ha  the   «txth uMwiCUO oüiEatit? IJ'i töB | 

- ■i 

equations i'cr .the detsralMtioa of the Goastsmt@ of tte physical j 

b.Skratlo» -of the moon,    Solving ftrtter the problea V.y tbe aetboci of     i 
I  " "^   ■       . 
iaDpr'oxiit^tloasj.Scte'irtkfe-^ieclitsastaiM ;sade up the üiffamnee hetaae«      | 

ith<* am? o^'1-.fcß §qw;res of the aefliatioas, sas'i'e;sponding to tvJo values \ 
j       "»•-■'-■   .t ■ ^ 

! ■ <! 

inf -f Pyl'if en both sides of Ixt'g sä.tigalar point), atd the TCSSIKI© J 
i" '  "    ' l    '""     '     "■ ' | 
'ktniTOü- 'S nw,  and thus solvß tfae pt'o'ole?:*! to vb.ich of tha two values    | 
} " " -i,.».. *     ' " I 

[of f. prefersßcs should, bo given,. .After ts^ccesjsiqg from this point orj 

view tfes observations of it» exoorsj carried out 00 the baXioaeter of 

kte S^öeX'gsr'äi observatory«, es well es Hartwig*KS series of ohaerva» 

I H 
H-.ir.np.  he, lüre KaMfouXlin, reaches the eoml^sivn. th,rfc tfos most 
i * ■    ' " •      ' «*, • ■ 

I 
h^b-fhle v^lw of tH.s osra^etsr is less' t'bsn the. critical, om aM r~  
|i.g equal to ö,, 6 5 „ . . 
I        " 
l Eßr,«sßtlv iL i., liskovJda /95/ propose a slmpX® arai original 
i    ■ ' ' 
l 
{aetbod of ttfiiqusR üst^raimtioa cd" f.    Ha separated ths largest terra   ■ 
\ 
k sin g' in 'tfes expansion, of the physiea.1 litration in longitwßhs 

jn'". naci then, by ßolTlae by the method of least SKSWöS ths equations 
I '' ' ■   *"     . 
I'sis g* A / - jfi,. ■wbavsj I is the obaerwd' sekoooaofcric losagitide of 
f 
ibs crater lt>eeiiiae~Ä sM /1  tte calculated oaoy ha' cloter.al.wd. the ! 
[ "" ""      ' j 

'loefflcdesxi s,,    lä'kovkln «.ssd 1i» tame obscrvatioaßl mt^rial 5^^f_TO.m| 

$ b 



f used V tf&ital1**1» but tha value .0f the parartnter f was iouao by turn 
! ....... I 
! to be f<tr*te dif fere at, iiaaely f ~ 0..69 * 0,02* j 
I        ■     ' " "' I 
S The vft'Jw of f can be determinerf also fees ofchor considerations.j 
|      ■ . I 

| .The aoiioß of the pertgeaT. and of thq- aode ^ of the moon's orbit Is 

I due to the a'atloft of the» sua e;jd ins pianos    This motion is also 

!" 
?. influenced by the figure of %h» earth and of the moon,    Tte latter 

infltüSBca can bs rap:rea3.sisG in the foea /69/s 

rf Ü =*. + 3B4!lMf Jf — 1U0I5O* £' 

<f# Ä - - 46050./' -- 23 025 k', 
(1,19) | 

wisrs 

/'a*. 
*> "3 A' # 

">    »«■»'    fir« 

ä oV« M»'is tre .-äS« of ths'tcooa sfid ft   is its radius.    Öoaparison of 
| ■:•■■    i       - o 

tbn nbsarvsd filsDlaeeevoßts of the perils and tte ficde witda .toe 

| tlie^stical c^g makes it possible to öetwaina J' eivS S', änfi then 
! ■ 

| also f.    .."te'tually, patting -.    ' 
| 

I 

I 
i:        £/ ""'"" £ 

■(1,20) 

It'-was precisely fa this way that Spsßssr Joses /69/ fouaä for f a 

| value of 0.6S,    Jeffrays /70/ ia 1937 fotu:d It to be 0,97, end later 

j^iß'hls major work /71/ he obtained f = 0*84 *-0.0£ '~«< 

57 



!fe me that iter« er« coosldsrsbla dAflSgremiBSiÄts in tha value of 

■ tue faada^mtäl eanötast, röteln^ bj differed uark&ys. If f is 
J 

1 ssfiunod to bs 0.60 ^ tha aoo» Is considered to be a ihr^axis | 
! I 
! ellipsoid of faamo&tiwows deadly, v* obtain tfes foLlcwia« relation 

I between the sooi~Äxi,ö 
a-.b'.c***IMXM : 1.00037:1. : ,1{21) 

Ti» ps-es&nc© of asP/Masfcry in the figia-a of 'Um soon raises 

j great difficulties la tfc» ftttaSy of its rotation &M a»tioa*    Tbe 

eoMsfcaats hsrstofors obteittod for lbs forced pfcyaioa». iihr&tloa of 

tJbft taooa cowUia syeie»aat.?.o sreai'Si £<w i» ^teär CBlsttiaticß no 

| acoomt is t&kan of tao Jaferatioa effect, la tbfl radios ®£ ths moaa. 

j A, 4. Xakcvkih /?£/ f:;ftöt darä-veä t.te» elements of rotation of tbo 

mooa with allwaitce far tfes Ixbratiou affe^, vhicb ,1iff«? consider-    . 

ably from the aarliar vsltsas» Than, the gassier i was foiwatt to be      j 

0,82, arid ii» inaliaatioa 1 of tfea reöo&'js equate*1 to the ecliptic lias 

5iac^casac| by 88 &eoor«a abo^e ths mlus wisd at tas present tlaae* 
' magnitude      I 
Evoa greater aoifci. exists ragardlug tha de'toa'mäJMrU.oa of tiaa^ of  | 

; the ftrea libr-aticrs of tfas i»02»    la imrastigßtiBg ÜB lattasr, I. V.      j 
s 

BePko^ieb /59/ sad I /W d.M ac4 obtain a r0l.I0.bXo determination *    . | 

I but established -fluotäfttlona ins tl» lo«gi4«Is of tte era-ter Ifosefcittg- 
I I 
j A ^ifeb a period &> asd 2P. Tea fire* of thöoe fluctuations is a 
I I 
I cooseqveaoe of the ii&b effect of tte <mons asd the twcoal apparently  j 

I must bo atts*ibist*iä to iftaoxTeotly s.ss«mccl valtsss of f.    A, 4. 

I Yakovkla /B/ after obtaining j^l&aiasry oats oa tho ffff^S^LfL. 

• 5 » 



the freie libratloa« reaehed the oanclusio« that'the discrepancy in 

phases, as obtained by different observers, is dus to incorrectly 

assuiaad period of frag libratioru    After detersißing tills period.,  he 
I. 
I obtained a value / ~~ (B - A)/Cj a»d then calculated the terras of 

forced libration.    ifcmluding the latter from, the observed longitudes, 

Yakovkifi obtaiaed tb.s aT.plItudo of the fraa libration. 'which was 

found to be 52 * - 10 «sconds» Wo believe that a final answer   re~ 

| garding the ^alua of the free iibrailoß caa be given only after 

a detailed study of the figure of the lunar disk, 
i 
| Thus, the investigation of tbs figure of iho taocn is at präsent 

| a very important and urgent problem, with ubioh the mapping of the 

j relief is directly connected vJith the mapping of the moon's relief 

relative to a general zero reference level, J! theoretical solution of 

this problem its given in the next chapter. 

! 



^^rAr.«**^*^**^»»^*«^*^*^*^ «wob" »W^aiÄ*^W-w*M*H*s«a«*<i*i»« 

; Chapter XI 

OK KS "SlSO-itSFl^KCB fcfdRFACE FGR EECK0H1® HEIGHTS ON 
THE MDOK:- ■• 

5,    Fu3fsiH-x.lat.lon of üB B:'Gblem 

! f.&3 eoasfe-tailofi of maps a&5 prcfil^s of iba relief of the 
I .      . 

aiooaEs s«r£t*os should be based OK an aclvaategeows choice of the 

[aero-reference eoefsoe» froai Mhieh it Is nocsssary to measure the' 

Ifasights of Vm p<;xm& of the relief.    To chaos© such a etarfacss 
t 
ia as tKKilsptxfcsd mmer       is not ms$'f both in visv of the theoreti- 

cal complexity of the problem,   aad in «ley of the cIAffIßultie.3        v 

coimectsd Kith i.te specific ftatore of observation.® of the mooru When 

ohoosiag the level «rar fee© one eaa start -with the foil swing premises t 

\ 1) äSSüSS ihs most, to be a «sphere BM oonsiäer deviations .from 

I irregularities of the 
I 2} assume the ^aöoa5 s eä^e as defiatiaae froa an elllosoi/f or 

pome initial figure;; most closely carre^poMIag to the external 

fippsarsases of the raliefj 

3) GoßsMe:? tha theoretical figure of the ssoan correspondlag to 

|/te hydrostatic equilibrium 

I 
s 4) ocaaltier the de^iatiosö of the actual stsrfaoo relatl-ra to 
f ' 
} , 
the surface cf the level of the potential of tte taooa aad the perturbing} 

i     ,._... _^.Ä»^»»^■»»«^.■!w-~«=™.•.-»■«<>'«»»~■«»»'»'"■••■'"*•"'<'•s,-*•"■ " " 
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I potentialof "fefes earth* 

(.■ bbvioaely, we oaa ocaaldar t!» mooa to be a sphere.afily la 

I the first approximation,  slaoe both observations and thecey give 

OTi&eaee that its flgtr® is a thtea-axle ellipsoid»   fhmf fear* 

eyaaple» Hopsacum, us&ag tbs observations of Ritter, ob'talaea to 

the tiu?ae-setBl-«Kia.a> b, aaä 0 'tbe-followintg devisti&ng from a 

spharei 4- Si8 b% * I«l km, aal - -4**? kau ■ 

Maift^r oalciOatfta esraetly thus GAB» vsy the figure öf the moon 

from the eactan&X sfaapsg of ths relief.    Iß analogy with the . 

gebM, te. oalXs this figure a eelaaölel» which SM OUP opinion is ■ 

iaoorereot, far in tills ease no aooouat Is takaa of tlis dlatrttmfcion 

of the masses Ifiäiöe'ifae moo&3. aaä ilssTSfera the eenter of this 

figure vlH aot coincide, «itlx the ossscter of gravity &£ **» »»c-»s 

Aa att@ffl|it to repfCBsnt tba figure of tiw E»oa by starting out 

vitfa ths cöoättioüis of hyürotttatk» «quAlüaduai ■of its tnfcstaaos "was 

act or owned with suaüöga,.    Ttoa' gaoigstcis tjotsi&'esgloas of a tkree- 

| axis eHIpeolä of the soos^ calculated ofi' th» basis of üB bprlroetatic 

thacs-y, differ veiy greats ft'cartbs äyaarsie oaes, obtaioftd from 

i^sstlgftttons of It a phyelcal llbr&tlofl /T4/. 

It Is aost adtaatageoos to take saths le^sl surface ons of the 

2.0W.1 surface® of ilia potential of the moon* a faro® of 

grafit^j In ©s&Logy with the PS'OCB&MS used to a^temlsa the figure 

of the earth» l&^eifsr,, is. iha case of ihs &oon., the grafitatioml 

I field srotmä it Mil he also t&tlmmaä by t'm e®rtfe:.to a noticeable 
. L ibKiMflufei vmrgnut ■ 

i>( 



•*:^*>**Vxl'W&#.u;f* **■ Wj,*s*."VT^*ÄVJW<j™y *f 

degree (th§'oTfeot of the sun is lneigiaificant/*    üuoö. a level surf ace 

for tfaa moos eaa be called a solenoid, in analogy vith the geoid. 

«are the moon to hevs a water shell, like the earth, thm the free 

surface of tbe water in the lunar oceans vjöiüd,  in. tbe quiet state>       | 

be ths surface of a seXsaolcL Tbe absaacs of wrtar on the moon farces 

us to choose arbitrarily,- vithixi certain limits,  some level sarfaös,. 

hus,  for axamole, ons could taks that level surface containing a ! 

volunw equal to ths volume of ths moon, Ths» the following condition     j 

vjould hold fy \ 

T }■ 

J (2.01) 

uhsrs H Is the height of the points of tbe physical gwrfaoe of the 

taoon relative to the chosen selenoM, and ds is the eiew&sast of the 

ssleaold essrfaco, over -which tbe integration Is carried out»    It is 

obvious that, in 'csraötica condition  (2,1) cannot be realised, not only 

because almost aalf the moon's surface is ittaaeossibls for observa- 

tions, but also because- on tbs visible side of tte moost5 with the 

exception of the edges of its disk, as noted ia the first chapter, 

too mtmg elevations have beeui determiBSd, aaa not reliably at thai. 

One can she«, • however, that this difficulty is of no principal 

significance,    In fact, let the heights IIs determined by us be referred 

to a certain level surface S5„    Knowing the potential of ths moon's 

gravity field by Wt vs have on the surface 5- 
W «-- C 

s:nd on the strrffcee S* 
W «?  0' ■ 

The distance    fe H of the siirfaoe S{ from tbe surface S (see Fig, 

& P- 



BtfiW^WWWIfcMffllttW Wf4w™!^W^»Ä*WWl«t;^ .,,,1-.,, 
l), vockonsä sloag %ha outward ^n&crml to ifas "lattar/ Is 

V/J  «.. —— .—... (a,. 02) 

/fill \ 
r^r^t,,:"^* W-„:Muha 

^"" 
-X*' 

,>»""'"" 

""^ 

\ X 

.„«<*•"" 
^ 

V«—"'""""""" ^ '•* """" -"W 

where g is- the farce of gravity» a quantity which is almost co.nst.ant 

in view of, the feet that the aocn is close to a gphsr«rar4. rotates 

slowly. With ..exactly the ■ .SKJJJQ aoew&cy, i.,8», metre accurate than 

f" 
; 0,001, oXiS aan -oonsid^r    * H to.be constant,,    SSiice the heights ofi 

the moon etc act eaxmecr 10 km>? tfoan assurniftg «T?sn that   § H can reach 

| so large a valuta  {apce'oxiffiat^iy five seconds as measured frors the 

| earth.) 3. Its fXi&oiuatless cic> not exoeeä tee iMtsrsr'. I.e., 0,005 seconds 

as seeitfiros the earth/ «Mob j.g quite InBS-n&ltive„ W© obviously 

fi^tf + M 
' (2,03) 

jaftd caii consider   *!» H pr&ctic&lly constant, 

| Ihsr ef or a,,  if sosnehov    OBB süaoaeäs iß determining the surface 

|S, the change froi» the heights IP tc im heights H involves no 
f 
(difficulty« Far the. surface 3* 

i J 

(2.G4) 
.•u ii»n.i((iir,-*.'.owA«iPio«*yiJUi 

/ ''2 



wboreT^«oTP-wrM the asresss of troluae included inside ß*, relativ©   s 
* I 

E 

'to the vo3urwi of the «BOOR.,  or, 'what is the-Bams, as ajoofegoquencG of     j 
■ ' j 

(2.01), relative to the VO1&<SQ 5.  Comparing (2.01),   (2*03) and  (2.04) j 

and aegleotiug quantities of' second order In...  if H, we have j 

|  ffdZ-e* CHas— Ml ( äs. \ 
y    ' { i '(2.05) | 

1 Baarioa In mind thai the far si integral in tha right half of '(2.05) 

1            ■" .■                   s 
vanishesSj -we ostain | 

i ■'■'"*■ x                        .                                                     . I 
I where Rn is ths rasar* radius of the surfeoa. §, ■                \ 

i Ft»' f uritör eanclusioas ve taust atop to discuss ths hydrostatic   i 

theory of the figure of km moon, This -«as dsvoloped by Jeffreys 

/75/ who «ssumas that ti>c- swb otar.ee. of tte moon is in hydrostatic 

equilibrium, as proposed       by Olairauit ife the analysis of tha 

:figure of the earth, 
f 

! 'WO choose the- principal axfs of i&erfia of tte soon to be the 

j rectangular GoorcS.isfttos s:, y> and a*    Th© x. axis is öii'sctsd hers 

japproxidateij towards tte earth (sea .Fig;-. 3), &ßß tbfö s axis coin- 

leiden approxiraaiely with tte moon%& axis of rotation.«    if d is the 
i 
sBaa di&ta&oo between the eesiors of gravity of the earth T aM toe 

laoon L, aM x, y, aid z are the coordinates of aa element of mass 
i 
iof Um ßiooß dm am r1  its diötaaoe froa the center of the sarthjtbgn 

^y 

* 
i 



airtsW»««*»*''*'** »"Ujp* 

r"8 Ä (i — *)* J (2.07) 

tot u& oaXoulat« tbs gK»rit*tXcv»ftl potential of th» earth 

«\ Fox this pwjww «o «xpu* 1/p' innrer» <* tbe ooardiaatas of 
^tolöfe^etaa point. Me tfa«n""hav8>. . _ j 

Ketaiaing ia tüa astpaneloa terms up to V#S -as obtain j 

,S>i«f-WS*iWWiWW«='1*"»«' 

v' 'a - 4*+y*+s"    " 1 /1—~+ ~r+"x -*- -- 

V3 —«*). 

Thas, at the poiat with coordinates x, y, a tte gravitational pcrten- 

I   V,tS>.i   0,i    WUS5    fc'cä,», su   »'»'•< 

GM   , Colts i ^l|ä|r§ 
€ 

(2.08) 

where G .Is the ^avitetioasX ooftatafl* find 1"! is the oaea of the ^ eartlu 

Considering thai the toooa rotates about an axis 

perpendicular to the p3*»o of Its earbit, «niforaly with a» angular 

valocity n, eqxwl to the, velocity of its orbital motion around the 



earth, ws see that this rotation is carried out rigidly about the 

center of mass of the earth and tho moon. Me  denote by 

f & - (2#09j 
I 

the ratio    of the /nasses of the moon aad the earth, and obtain the 

distance of the center of mass of the earth-moon system from the 

origin,  i*e.,  from the center of the siooa L. 

T 
ti-t   8 

7mK*MUPWTC T5SSS3MWM«" rt»<^S!SSSS: 

/L*3fc~ «f- 

From .Fig. 4 we have 

-:. Si, 

Hence 

1 -t- p 

l\o rotation of the moor* causes & centrifugal-force potential 

0 = 
i_\ l +.»       /        J 

(2.10) 

ddlng it to the potential of the earth, ua obtain the total 

botestial 

~~  &£* 



wtwf!*^!rW%w^j^^iBW«^?»^MW*i™*?f1nW(;iiS Ml UM r* WHtlX *VIM*-,«IWl*i;*«- 

m , ö^J.V . OAf *« 

~f — - - -—— -{-— «- VÄ T" v*). 

I According to Ifepplsrsa tbird ^av 

«*'* '■ ;■ 

rs fM -f ■ At'],       4^ 

b&. 

Txte aagtüsi» velocity,« == 2f"/f? ssaaing 

, p:moe 

iß dß (2,12) 

We    mm substii^s  (2,32) in (2,OB), and ocmseq«ant2y the terms with 

x cancel out; aad ws are left vitb. the following expcsss-äaa for tte- 

ps.rtixeoxXkg |x>*ce«%lai 

1 2rf*    v 

(2,13) 

.. \* \ in vhich ve clisesard tha ißsienifl&siit terms'GM/ö end -t/'ä^ßiX -t-  «J 

1 To take iato account lafluaiwa of 3 +.A ca thß ;tcoh- a figure} -we 

j aM a term of ths forts.  4 (x~ •*• /' +■»*"), which by virtue of Its 

I symmatyy eas oaly causa a small unitcsnK brosöaa,1,Äg of the figure 

of t-fas SöOä» iotyaliy, if 'ys take ths latter *o !>a a sphsre,' then 

the distance to the surface aXem&b oa the sphere «111 be co&stani J 



I aad have a k&lxm 
StlvSl4*'a4fri SAW«« '1JB.IW» '■ .wtnwp >«*■ «»«KiJt.lUrtkllCIJU'JHIHt'IBltilfüKl.rts.lCMBUlfl»'.' #twmjffiw»iW«»»'ji. 

^^,.)€'""f/"h^ 

*\ a... Consequently' on its sphere   /I (x~ 4- ;f" 4* stj »sill also ba coaat&jsi 

aad Its Edition to-tte pc&s ailal «ill oauis« an increase ia tfes 

latter by a eoasei&iit quantity.    But heÄOofax'tä'y© shall e®esid.sr oaly 

qisäfötiii® s of first oi-der la tie ücni^essloa of 'to .ason (apppoxlrDatöljj 

i'O.DOl).,; aacl öORaß^uectlv- the isfecsSyotioa of the efc^emsaticned töra, 

! «Moh appears ia ssooao-ca'ctar quantities 3. «ill not Irifluaaca this- 
! : 

| dötarfsiß&tioa of Its figure» Asa expesssloa (2JL3) is witiaa iß 
S       ...-'■ . ' 
j ■ ■ ■ 

j •    ' (2,14) 
|     . % 
t Ttg arbitrary factor 4   <<a» tö cho^n sush titrb ths entire potaatial 

| iü reps-iä&mMiA\<y a ksr finals secoM-oraar fua-eiior*.'  Pos: this piarposs, 

ebfioüslyj, It is »co?üses.y to siak* ivp tte saootJd dlffsrec:feial para- 

fsstisr of the erpresste» (2,14) .aftci to'ästsmLoiß tte w.Xae of  /i ,, 

äfliicä  Will  06 i 

! 

CiM 

j 
'Sfe tfhes obtains 

4> -f. a «-i ±£l- (fa* ~ %>*—&*), 

.asd fo:r this ©xprassioa tte L&plsea 

(.2,15) 

Operator really vanishes» { 

Wier th& Influence of this perturbing potential» tbe surface of "j 

^ 



I  the moon experiences a deformation, \«iieh Is' also expressed by a 

! harmonic function of second order. Tha equation of the surface of the 

i lewal can be written in the form 

I' /'s*»/?«n 4- Y~\    • fo v-\ I 
l - i 

where la is a spherical Laplace fcuactlos and Rn is the avara;?e 
I " '  '* I 
I radius of the moon.    lu othe^ ^ordss  it is a radius of a sphere -with    1 
I ' i 
{ a voiJMB equal, to the  voluas of tha moon.  It can bo assumed hare that 1 
I ! 
I this surface is filled with, a hoacfreneous mass  factual.']*/,  tha mnoii        f 
i '•' * ' " j 

I ' is almost homogeneous),  aacj apply Laplace's thacry of attraction 0 

I spheroids /?o/V Tha external p-jtsciial of the Laplace  sph-sroid on 
! 
I its surface is give« in oar CESS by its formula 

r 

4t?p.^F2 

/ 5 ■( t*< -j 

vhsre ^   Is the density of the spbaroti  (inoon).    Sliwe the muss of 

ths raoo« is 

in — 
-*rff?„ 

it hen 
Ä4T 3 

^ r        &       r* 

(2,18) 

I In formula  (2.16), which determines tha forcü field of the 
t 

goon's mas,  it is enough to retain spherical functions of second 

loader, \Mah axprass the ellipiiüitj of the moon. Ths deviation 

f G 6? 



and. above f "^ß^&n^o^Sj^etiS^roS!^^ o^^^ 

effects issor precession) on ths earth, but this eaaant be doae on. the 

moo«*    HOWöVOT, ewm third-csder^tcrms sere already very small,  eiace 

•tfcoy ars divided by r4„      'Ibis, the ta*ory tfJhte ^oass fi-a^ can bat 

constructed op to fir^-wtor terms"" """   '  ""'    - illusive, ;«hioh 

in practice, is qul:« sufficient;, j 

Dn the oufeer surfaced? ins raoori'a l<ml ,tfaa.-eim of' tho poten-      1 O 

tials of the earth ana of the mm &rä of'the centri- 

fugal aacelaraUon potential should be constant, 

#4#^4-§~eonst (2.19) 

[Then OA the 'basis of (2.13),   (2,16), «ßö U.18).,  acetate to terma 

of first'csrder.inclusi.va, vs have 

V &*      $f9 ' *. '   S>    £3/ 

4. M(7xt-~.2v* - 5er> «= const 

this we datarmlns 10 and?  ©instituting iß (2.16),ve obt* worn, this we 0 ain 

\ 

L. J 
§    Ä 7J«« — ay« — Ar* 

4 1^2*20) 

1 Ptttt-lw pmcesalvel-?' x, y, •& = S;> we obtain the seml-axfs of 
I 
kha lunar eohrcroAa. which, vlth the aama accuracy to first order, can 
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W(.>v?S.1»:*tMW,J'itfll»*a*1»W't. W- iMÄS»«".««.!*» W(H: „.!,„ 
ibe coRsid&reci to be an sllipsoic "1 

*'?§> .i™ .... 

r,«. MB'*   \ 
35 <«A/J      I 

P -~ fot I i — - 
\ 

12   Afrf* / 

io'" 5^5 \ 
12" TJ'rfi 

' (2,21) 

The fs?iß,sipal .iJioiBaats of Ifi'Srtia of a homogeneous ellipsoid a^e 

gixfsn by the following expressless 

5 
Iff  ^.«1    s    »St 

I E?om these we obtain, accurate to the fir at '-.order in the com-» 

faresal oa 

£j- ,4  «*-- e*_ __ J±M ~~ c) fa+_c}    2&i& —_£) „_ a—c ±^S 

and analogously 

C-~. 

For ihs moon we shall have 

7/ 



-iL'XjjW.."U.ijcnirii,trriiiiim-jWiT>i>-ff'-~t w" iM».«^e»^,*v-,n«irW»™ww!*'r*!ia t&nm*n>**i>*v* ta'jsw»* fctni w »*&****<»» *»»^»IIUW*IJ« *«*rt w<ff*«Wiw.««**as«»(i»«fc iOÄ*m«KKI!H»wltrK 

a 

(P 
— ««0.0000375 

IzJ? — £.*™! — *Hl — s    M    #e 
p. 4   Af'    <f» 

= O.O0GGG94 

vhere tie put M/M* ™ 82f> ä/lL s 221» It vi&s said earlier that these 

TOIBSS, just as %'mlx ratio (0 - B.)/C - A) -- f, do aot correspond 

st all to reality» this being eidfetioa that the isooa is far 'frws . 

baiag in fegatoataiie equilibrium., asö it does not appear s,s if it ever 

\m@ in such an oqul1.1hcl*M .fc ths ps.at /7X/* 

7._ feel Surface of tha Mooa!a ßraidtatiotml Potential 

It will fos our problem to äeteraltte the actual gravitational 

field of tfes mooa.    For this purpose v<& again start with Eq„  (2,19), 

in which 0 -kXl« is again borrowed teos. (2,15).    Howswrj for 05-«,i»e,, 

the rüÄoa'a pi attraction potential, it is xseoessarj to haw a general 

expression for tte external poteatial of a material body» 

■ Let f be ths 'foils«® of tte moon SJäI let &   be Its density, He 

place ths. origin of rectangular coordinates lo. the caeier of gravity 

of tha SHOO», 0. Ife dssotd by   | , i? , and ^   the coordinates of sit 

sleaant of voluse of tte moon d "E*    (se© Fig, 5}| we dasots by xs y, 

ia the ooo?!diaatast of the attracted point P. We ©ssusa that r is always 
t—«- «riW'JtiiWMS^a^ri^i**'^;-»'»*'*'1'»1"*' 



greater than rs. The moon's potential on the "point P is 

'«' ■«*»• %j i «~~»«~-— - (2.24) 

and 
T 

SSSffi» %y*; 

) 

;% 

Vie furthermore have 

and consequently 

7 

Lai us expand 1/A   in a series. We haw here 

L - ____-L_-~~- *** I -^ — .J_..=: 
A       K /• + ^ - tor* «8 $       rl/1 + f —) - 2 - cos $ 

We employ the expansion of a point potential iß Legexsdra polynomials 

? (cos»jO a»3 obtain 

00 
1   ^« 

I \ /£:Yps(cos#- > -ü.:/>.(cos«. 

(2,25) 
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ijt-^nmua :M*iM^iJ^l!^p,«WiTWrt^*9iWta»*^.:uS^^ •'«W«»««^ "tUe*j>$!iM*s'& «w *.«e-v&*.v 

IfesA, asiiltipljring both halves.of the ©quatioa by     <q öT    aaä 

integrating fat* the entire voltraa T, we "■obtain 

■we1"**» r« 

I     I 

Ä25ä 
»•a 

I ?le putt 

:ö    pr* Pa (cos })&*c*Ym, 

(2.26) 

^2 ?7l 

phers In is a see cos!-»order spharioal £uactio.tu 

\ Siace #«• is a harm&is fuaotioa, evsry funotioa X   will also be    ■ 

jharflonio (slice they cannot cancel saoh otter oufc if they ara of ' 

Idifferent order), 
•f ■ . 

Then the taala expansion of tte potential #• GU m external ooint 
i ■ • .    »     . 

} 

jP with coordinates x, y, a will have tho fora 
E 

r* 
if*"!    0'>\ 

{ iet os find now tte flrfit eceffieifuÄa I , oorres»aa<3ififf to 

|i aO, as 1, and a a 2, ife have the following* a) whsa a « 0, ue 

pbtalii J?0(eos ^ } ™ 1...  and the ecsvespondiag term la ^ will be 

ö 

r r 

ÖM-" 

jjhore W  is ttte asoon'B »ass, b) whs» ft Ä 1 ue have P^sosfj's oos|> 

|KK3 this gi^os In the expansion of tho potential ths following U-rma 
■ 

j -%  I rfPt(cm$)rft» ~H~ | pf/eosf Ä» . 
r 

fS 

?f 



WNriMMttMtlW** G 6% Qt ft.: 

f T T T 

tim lasts gr&Is costaiMSd here re pr assist oeträlastes of the «eater-of 

gravity of tha body»   :As3 sl&os the origia has bei to placed. ;at the 

eeaiar of gr&vitj öf the aiposau tfasa ■ ■ 

» =* i M ssa 

aöd, thuBs there will be uo farst-ordir t-errggi J.a the expansion at säl» 

c) •wfaafi. a ss 2 ne tetre - 

f*8 

It Is teoys,-that /76, p 231/ 

•     ' P» (COS f)Ä 7* COS* $ — 7' t 
the a 

-•HtfV2 A (cos $)«fe «a il Lfi (r/ COS &P — »£!£!. 1 & » 
% *-r  *- *   J 

* f 3~ / a« «  «» t v w      < ** + vS *** *** {£* -f tf -f C*> 1 J 

J   t2 

Taking owte&öfö ite iatsgral gigs the cooxtUisataa of tfea 

iittf&o'fcscl polßt, vie «&a. radutse tfc© abow expression to the foliowlag 

fOWR 

! 

• ./-• [ 
r 

i„,„,,. ,i>«^ii«uw*(m,*W»iK^ii*Wi«jf^^ 
w»,a«fci«»WK»>u»»»*««n«»,T™*«*«w,M*t *"w«n)** 

7J" 



.,™„,^X.,«, 

f f ■> r i 

I | 4 ! I 

r I ' «IT A» T! D'*"0 '<615tr   X;li0 

fc'" fe/ 5,*/ \ 

so-ealifici centrifugal mosisrrts, i»hieh vlll vanish vftan the coordinate     * 

axes are takea to he the prlacdpai axes of* Inertia of ths siooru j 
t 

tmn v& ara left -with ivio 'tex'-^j n&.'nsly I 

I 

..|„ „__» ^.- «~.y |  ||a |5   ~— % /»#»     , 
4r& j 

I Let US introduce the yri.nc3.pa3. moments of inertia of the moon, the 

I form of whicir. It> 

f s? ? 

.f J J 
«Itft: 1*. 

am ob"Sa:us 

L(E»~t» -~~f i«ft^ /f + £ —2C, 

(*(t*-ij,)^aBS^ — ■*• 

)   ' Let us substitute new the results a, b anä o la the expansions (2,28), 

s.M obtain finally the folloving expression tor the RIOOB
5
S attraction 

poteßtiE- 

?fe 



angspMt? WHtBjU.»jrt. IW' WW ftoj-siMMiniii'r-i- ■*■* -t* «xnt:» 

«.•- 0M'[.i +■ d±±^E.(!b» - *• - f) -!■■ 545=^(x» - y> ti 
4|/!!tf6 

OO 

as»» 
■ »«3 

(2.29)1 

where the. la-si term coivtaisa tha spfcterical poXyiiojd.als 1^(^,(3} of 

.higter order? which äspsaä O.G. tbs sslsaogtaphic coorclinatsa of' the 

moon A   *ß>\  glace «// is .it fuactlais of ibase cootdiiiates» . 

•It'must be acted hs.ro above all that t-igj Laplace fusstioas of   . 

third 'order an?! above appear in iba dey.latin.aai of ths scle^oid £rom 

a aoraal ■sphex<,oids in da?iaiioRa. of vaeelike character,, which fcs- 

ths most idDort-aat terms«  I,e01 ths terms of I oner craer, will iaclude 
i ■       ;     " '      ■" 
InoasWerabl© re/eriona of the moon's surface* Eve» for ths sarth snob. 
['■■  " "■    '. '   -■    ■ 
fäsviations of the ^gscid £eom. a spharoid are baousi far from, reliabx^ 

land t.!i0 oaiy thing tbai -can be stated, is ifcct, they do not sxseeo 

|lO0 or 150 irstsra*   'Their preseme .in ths' noon c&aaot be ssnsed at 

all by an 6bserved on earth, ia view, of the fact that ttey «re ' 

hultipli<ad bj l/r in high powers,   'Thsrefcs*» tie are «cable to       " 

krtiEiate the dsvistioas of ths selsaoiä frora a noraai spbaroiöj even 

«ra tlsijr 'to bo -scare coasMarabls than.on earth (which,, incidentally, 

|,s auite possible since the ciooii is n'ot is tyäroatatic equilibrium), 

U«n we nwwt negleot tham,'    Ifeiag (2,15) aafl  (2,29); we write - 

7? 



W t^f. tSW*V» *.>-Vl.WSl)™,t«-.)W-'™-«W*« 1 

1 3(ß-$/**-- «nl-4-S^ r/*s — 2f — &t2?«= const, ! 

., .. I 
kich Is- SB. equation that determines tho '      sought surface of normal     j 

i spheroids, «y.oh aosisrate to first order inclusive ie a three-aide      ■ 

LlliDßoM /74, p 220/«    This last surface is iake.a ftr the level 

ipsWWjB and «fi shall call it the salenoM henceforth*    , 
!  - . .     , ■„   . „ 
I We must make here *m important qv&lits'isg svstenisnt.. we suari 

j out with §|) expression for ihs external potential for P, which   . 

'Uössi&iftlly la i^csrrect,  aüico tho jrregularitias of tije relief of 
i 
I < .,,.».. 
the laoct» äM eve» larjp parts or ths öoon's stirfaeo lxsouasic« WJö 

Et:45 as .is kxxmn iroia theoretical gravirsetryj | Himlif.« ixsiits ox tins sexeaoaxu 

fveUati imagine these external asssos to become r-oadefisea aM dropped 
thereby 

uader tis srurfaoo. of tha geloaoM, returrUJ&g to tte problem of 

Iths axfcemai ^a'^itatioiml field» lids procadm; is o&ilod ths 
I 
j&rrclytlc aontS-Martiaa öf ttei potential ftoa otifcer ppsce iüaide the 

attracting masses,    Hovevcr, this causes for a hoaoge^O'Us soon dis™      , 

k;3.aasJte.öts of tie surface of tha seleno.id by aa amount of carder 

!3Ff /2R,4. vhera H is the height of tha condensed aiassea above the 

umrsl of the s3iettoid„    'Its displacsraant of the selaaoM, even for 

fa K'5 km, c&a reach osly 20 meters,  i..6.j  0.01" from tha earthy 

jyfaiah eae b-s neglected without iJorry« 

'.    Eq.   (230) -was obtained vithoirt^aßStMptlon vsbatever regardiiog -ehe 

71 
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I3b«rml^di6Slbatlo.o of the masaes. Tm factors (A + B - 20) and 

!{B - A) •wfeJ.oh' eater iato this expressloa are the so-called Stokes 

tconsfcaabs,  »läse thsy are harEoftio fuaotiona«    la general, if the 

body le boused hj the level surface and ve tea* tfae potential $,J of 

this body em an external point iu peters of its oo«rdloates x, y, and 

ja, thöa all ths sxp^asios öoefflcissta should be Stokes constants, 
I 
land la this oa©;? only tboy sro iaäepaaäs^fe of tbe lataraal diötributloni 

of t»s aassss. I 
I ' 
1 la orc?e? to obtain iho fiaure of our sfilösold* wa muat find e«j».h    j 
< I 
eta. expression r ss f (x, y, a) as a fuaotlon of the .soardinetes, .but 

phan substituted into (2.30) tfas eosältioa (JJ.I9) wo«0d ba satisfied» 
■ 

!£hs principal term of expression (2,30) is 1/r, Blfioe tbe coefficients j 

I of the other terms are »mall, e.sä tasrafor« the .iaxrlatiosi of tbe moon 

ft1 oa a öpb&re is eqtal to a certain SES.11 quantity* j 

Lest w.s put again . | 

F^fmA~¥$s *i*\ \ 
\*i if K«<f JL jf 

W&© In (2,16) 0    We obtains?^ith the same accuracy 

**3 tere* hatur«03y, 1^ ia^^^aaothÄr spherical jpunctioa» not ti 

«-«I äQ 

&M>* 
I7x* - 2y* 

i»B.oa 

Ji-f 

!js» const, 

>—v»    , 3(»~J)  Jt*»~>■ 
»2 f1fi 

Ml$   7jr*~2y"~5 



0 
In this "expression ths unknown terrus aro  (A + B - 2C)/4M'H^' and 

3(B ~ A)/4.M'R,Q"«    Jeffreys/77/ (leteriBised  (firOK the iacliasttioa of 

the lunar equator to the ecliptic-) the quantity    - 

{233) /»_ !i£r^fi «r 0.0003734 -r 0.0000016. 
im K.. 

If we kiio« f x. (c ■- B)/(G - A), * the use of expression' (2,32) 

entails An difficulties»    Actually^. 

n '  " ~"~C~"A ~ 

aaö 0onsaquentl;/ 

■-»7Ü4/)£/ 

3 B A       \ 
4 M'Pi 

7«-/)£' 

(2,34) 

aftsr which (2.32) gives ths figure of the nolenoiä, and it is 

new here assumed here that the moon is in hydrostatic cquilbriiva and 

that its density is homcge.aeou.3. 

Tills quantity is only 0,0002 less than   /: «~—™ - ■- • •—» 

fö     - 



W»Wlv(aW'WÄ»,*W*"*fc,'tt^M,'''-1*1*T''1" 
tft»-:! WW-* ****** jM-rt^sSOWBuii^Wrti •iMrtitoif*:* 

WHjKBiwniiri»« *' 

4JM'äJ 

e.Gu .   — O.O000996 

0.8$ -■ C1.0001052 

0 ?1 — O.ÖÖÖ1Ö64 

Ö.82*' --Ö.0ÖÖHS3 

8„*   ?i«ixna of tha Seu.aDöid 

JU Rar- bft- seer* fros Seotioö A of the first chapter of this work, 
1-    ■ ■     I 
it is cUffictiXi &b the are seat tim to fix ins exact tmltia of f, 1 

Therefore far'tb? calculation thai, follows 'vse take four selected value4 
! 

Ipf f, semöl^r ö„6Dj (>*65>S 0.71, and 0„82»    In tills ease ye obtain 

+ O.0000T47 

4-O.O00O579 .   ■ 
H-O.O0G064I 

4-Ö.ÜGG033S. 

AestSKiag furthermore M/K» K 82 a«! d/ftg a 22ls wc obtain 

I 'Wa a&xt calctJ.atö the sarel-axes a, b,, a&a e of the solenoid 
s 

l(2«32} for tto aslBoteö valwaa f? su<soa saivsly putting x, y, a»i a 
t 

i RQ„    For this tie' coasiÄor Fig, 6f vhioh sstotjs the figcre of tha moon 

.a ths fam of a three-axis ellipsoid. 
At the poisfc  o( 00 the enci of the ssai-axis a we have y ~ 0, 

s-~s 05 x-si R   + small quantities, and therefore we can put vitfa 

great accuracy X^/RQ* = 1« Wo than obtain for f » 0.60 

f 
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&»U-fO.GGOi834) 

&;. ospder tö cidotrLater. the söiul-axls fe, It is jaeeessary obviously 

ito'put 

?7   life thes have 

' £ «5 0, z «* 0, jp « #§; 

ft «/{•(!+0.0000223) 

jHmlly, to esxloüliüte semi-axis e, ve put xsöj y = 0, & ss RQ, a«l 

1   '       ' c~#t (1-00008057).! 

Analogously ve have qalotOatea the semi-aada of the aelenoiä 

for the other valws of f j the reacts are coopered Iß 'the foOlowliu 
; [i* wmurfiMM*»«** AW «wwnmMw 



I table 

ass 
0.71 

lJMl«/2 ! .CKÄ34 5 

i xißWß i 

Ö.90S794 

0.999/&1 

»af-i'VWACmö«**' 

This leads to the <:«mi%?&t&£% 

f 
Ö.6CI 

0,71 
0.82 

«• ^~ 
«-* 

0.000161 
0,000i^7 

O.0SXX>79 

O..Ö0G239 
e,CKXE6!! 

O.G00S&9 

%> 

0.000269 
O.0CWB1O 

Tm differences in.), tk sosi-axf« srs 

0 7! 
Ü.82 0.137 

te'i / 

%i. 
0 
0 

0.39? 

0.540 

Were the. moon to be a boFiogensous liquid}  than the deviations 

of the moon's figure fron?, sptaricml fora VOU3J3 bo /7i/t 

But since, as already acted, the Boon is not la hydrostatic equill- 

b5riußi arA in any case is considerably farther fros this stata than 
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It römias to ooasMer the quaotic« of <«faat the figure of the 

selsöoixl will ,vbe when p^ojeetwd on the celestial sphere, er'In otter 

words, its visible disk»    I*f the x-axls passes to ax observed looatod 

at an infinit® distance,,, ths outllae of ifos solenoid, is 3.» ths form 

of aa el.Iipgs with soM-axes b aid o (see ?;lgs 6}*    Sines, ths differ- 

afeces la t.bo <p%Bd,~ax&8 of tte «lllpsoid. arc. very ssmll, oee csa, 

disregard tbs -.fact that the observer la actually -et a fialte dis- 
*     if ' | 

ts&es, staae this par&IIaoiio effact Is rauch smaller than the effect f 

of llbrallofij at ths BBBB time, •ya see new .that it doss Jaot influahce I 

tfes oblatemss of the disk of iis« s^l^Aold. 1-st rifl first discuss 

.libratloa ia latitude" ard vrite the equation of the eefrtral ssevidian 

iof the solöaoidj. passlftg through tho »: exisg • 

|We change, öVSP to polar Gocascliaet«sf s,sätasn 

sind eoRBsqysatly 
rs cos11 

# 

5 ace 

fCS* B    ,    S5fls # 

ifs next feäd &BC! subtract cos ' p /e'',, and than multiply the .numerator 
■wWl^mhlKlE"- P" W *stMmfli a« 

f'f 



»  ' 

w*0ta*m*&t**#nxr*™*'»'WX"ti'axum*K,v 

aaä denominator by c""} aal then obtain 

f s -««•»■ 

fl ^N^rf! 
$* 

'After extoaotlag the square root and expaßsioa, ve obtain 

$"'. 

1     2   \     «s      ■/ 
I «„ n.,.«, --L,. i cßgj! p 

mä finally 

iP„«A+ ^ C«»*W(I + -~CM^WU + «*«**»- ■ (2-35) 

I ' .     .Tkj polar r&aitas rp of 'fete visi'oia disk of tte aalenoid. «* aero 

jlibraüioaris-o,  sines for it     (is 90*. Ife put   (4* 90* * b0, vfaare 

KQ is ttes Xibratlon. in Istiiycicu ■  If b^ » 7Ö ,- 

j   1 ' rj»«tfU + O.025a')«-eO.0C0O[)S8)f 

which shows that xv does not change coticsafely»    Miiea in the case of     1 

jtibra.tl.un is latitude oaly the equatorial rsoius of the disk of the 

fcelenoid rorsai-ßs constantly equal to b, «a caa assume that the • 

libratlon la latitude ftarclly i&flwnoea the figure of tüs projection 

if tes gelaaoM on tte celestial sphere» 

| In ana3„ysis of ths effect of libretioa in longitude, one must . 

"tjake    the equation of the equator of the gelersoicL which is obtained 

«jnalogottsQy (see Fig. 7)I 
*    ]U^^'^•«•fef»«*'-t-,w**,*'*w■,*"**,' 

fr 



■ w*»*t*r,ri;***i**rM^ trit* «#v< 'jwwr,tftnB«B«fl»-.wnf-*"t-"*'*" i*«-»*w*«w*e<«» w*e« 

•I 

Is 

jof 

|-Ö 

0£' 

■ _ \   ■    ft y 

\ $& J 

'(2,36) 

t&s case of -sseyo llteraiioa,., tha equatorial' radlua r* of ths' disk 

tlis mlm&M Is equal to b.   let us asstuss  A s 90® * /0, wlsare • 

is ifaa liteatio» in losgiii&w aiad let us assies that /Q « S^/tliea 

/>«£(!■+0.019«* fei 

for the largest of the v&Iuee of  0( ' ofciaiae!! by «9* pertaining 

f ~ 0,60, m hew      f,«= 6(l."O00O3l): ?««H0>i(g KJf. 

0 

( 

xy 

b |^j«r»f*'WV«n»a«'VW»^^i«W«-umi-in*i«^-MÄa««»off * Mt«»*« ^«•«»«»««m'lBV.MBKsSSuw*!':«; >w 
i «M'«"" ."WMMOW * v,TBilJ(W*r™WÄ*>l»*W«™1 
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It follows therefore as a ganeral ooaol'usioa that the disk of 

the selenoki *mfm&ä&$%$' always aa ellipse with sami-axfts b arid c. 

If, for' the fiake of convenience.., we seek heights cf points 

measured on tha m.ooß'ss edga, • considering the promotion of the 

solenoid oa the colosilal sphere to he a circle} then theso heights 

«ill have to ha corrected to refer tham to the level surface * and 

the COSTBOHOXXB -will deposed on the selanographia latitude   p , or, 

vhat is more eoxiTCttieni,  on the position angle p» , measured from the 

axis of rotation of tho moo&„ 

In order to obtain a formula for the calculation of the 

corrections,, w shall ass-ma that tho projöctlo« of the salenoid on 

he celestial sphsrs iö an allipse with ssrai-axes b arid c.    Let us 

[wits tho equation of the ellipse 

rsr cfi 4. tz£Cosa$t]«* c-f- —(ft~c)cos*ß. 
L   $»     J     $s 

Let us aasums c/E0 ™ 1, sad let us add and subtract (b - c) sin2 p , 

Hüü  than ohtala 

r =« ft — (ft ~- tf) s I«2 P» , 0 ™ v 

Let us examine Fig. 8.  Lst ths Irregularity A, referred to the circle, 

(lavs a. height II, and let the game, Irregularity, referred to an ellipse, 

bave tho height H'„ Then obviously  ,  

% 7 
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&H'^tf •r. 
(9  3 öS 

I 
| SsAetitirbiög'hers i-ks value of r, aatorraiaed fro» (2,37), we obtain 

Bearing in mind that the poaitton angles pf  ars rscko&ed in a 

direction opposite to the direction of the reckoning of the 

latitude ,t wa CSö write 

| fax:- car wiiuss of f these corrections do aot exceed 0.3" aaä can be- 
i 

| readily tabuletscL    It Is Import&iri: to sole that iß aaa crdance tilth 

| what hss besn-sald at the bogimtng» *?ö oaß e<M       er subtract .to 

I or £ro;t   AHy or, «hat is ta&tsrisl, to H Itself, a small eoasi«ai 
s 

I quantity of orcur H4 

,J,A*» 
■  -/A 

/; /■ 

V» 

^iiis^ 
Pig, %, 1) Bisk of seleaoM? 2} 'circle. 

■>. HVMtn^i I iUIVW^M J»ÄS 

fi 
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Icciä@ßta31y» if wei ooasidea? the salssold to be a spfasra, 

;his mmn that ^s put la (232) r = SQ.    In this oase tfcw iaroonio 

fuaotlona of SöCOBK! order^ u&ioh see iacludad la this equation, 

«ill obviously pertain.to tM relief of ibo mooa»    Tide v$y, although 

0ö.atesIeaty csn hsrdly fee justified -firo® tha theoretic«! .point of 

To ooaelaSa this obaptsr let «s iaaicate first that ths cento 

of tfas aelenoiä shosOdi ooiacLde with the center of .mass of tte moon,' 

The position of tte p*ojeat!oa of tha oearter of tha seleaotö» on tha 

i celestial" «sphere relative to tbs ceeter of the appsresfc disk of tha 

i 

Boo» saa be öeteraxasd oßly by ooapisrlßg. thö e'bsjsri/et! ooöSfdi- 

sates of ths moon, vfoich. are gives ft»;' tha ca«t»r of tins visible 

'.disk, w'.ith the gr-aVitetleisäl tbscpy of motion of tue crater of mass. 

of tte   jaoon.    This question will be dloauasod In fchs aoxt   chapter. 

Saoonäly, It aast bo firady reaeaberaa, that the figure of the 

seleaoW Is not %m .flgtsrs of the physical serö&öe of tha ®.oont 

ialbait saoetbed. .''Ti» 8i.tae.tioa Is the sasß ia tha cass of the earth« 

|i.a. «hieb the oostlaejsts ri.ee la sonsa places-ooasMerslsly above the 

:geoicL    ifeagireaenis of its aooa's relief psrfcsrrasä 'by Wsimer are 

te^aaao defeat on tte visible part; of tha. 21000 oa® encounters, perhaps 
I 
{OTer&hBlaittgly, issigats reaching 5 or 6 to (over a earfeaia "leval" 

Lot. defifisa mere acowately),    This heftmar does fioi äffect. at all 

L~ m'(o»ii*»i**«™tse«i*«*aM«t;Hii«WWiaW- roitti»^W-ti;*»«V«.>wHa»">**n«l«J 
„I 
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:a* previous' co&alusions, vhxcn remain roily iß lores. cmr par 

w We give* bsloM a table of the corrections ^-^ * i j 

10. 13.    li.ijUi)    Uiit.O.    wV   r«UUJ..'.j     '-«iw    j.iiOfjV.i.JJ. 1.^.- 

to the level surface ox the sels notch 

Table 2 

1) Corrections   ÄH,  2) for» 

aAc?uiaT.aci wit EI 

moonä3 edga | 
i 
! 

r 
10 

■    2© 
' "Si**! 

i  m 
!   SO 
j    ?Ö 
I     Sit 

190 

2IÖ 
220 

246 

J7) riaapnifi &#/ 
fe8« I   K£fo*       I 

«F29 
CL19 
CIS 
0.15 

12 
0,08 
0.05 
it.02 
0,01 

ir. *<* 

0,22 
0.20 
0.17 

§.C0 
0.C6 
e.Gfc 
0.0S 
0,0» 

=«,?! ! f~~^.m 

AST*** 

CL22 
0.26 
0J7 
0.14 
0.09 
U.06 
0.Ö3 

1.9. «41 

,20 
0,24 
0.20 

0.0! 
0.ÜO 

170 
160 
IS» 

i30 
120 
no 

_ j 

360*1 
330 ! 
340 l 

330 

310 
300 
290 
28» 
270 

s— 

<?ö 
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ClltiptiQV   111 " ■-.,.,.. 

'  DETERMINATION OF BÄftZGENmiC XRRfißUu£RITX33 OP T2B MQÖN'S EDGE 

la the preceflißg oheptor we gavs far ths fir at %im a thsoretlo- i 

ally complete, solution of t'm prdhlßitroS the, aero, surface, frea 

which heights should be rasas urea cm tte rsoon,    Fes* practical dstsr- 

miaatloa of ©as a a surface, It Iß .o&ooesary to solve three problems»     j 

1} to be able to obtain tha position of the cetftex of gravity pf the     j 

mooni 2) to datarMtne ths leagth .of one of ths pr-incipsx «ess or I 
'   ■" ' ■       '■ 1 

inertia of the t,u>on;.3) to kr,ov tfaa value tf the coaatant f. The third    i 

prcblsm has .aot yet bees, completely solvad, and t hares far s am cwsmot 

|caleit3.«ts dsfißit^ly tha -'ratio of Mm seidi-asee of tha seleaoid* This 

j iadeteyaiijacy caä'-bs aveideä by sssuaiftg the eslemxä to be a gptere 

U'nfl to refer the heights of tte soon to this sphere.    It appsars to 

[us that a solution Is advantageous not oraly from the tteoretxSül. 

1aspsetf but also from th© practical c&ej since -ifas calculation'of 

i irregularities i3 greatly »amplified Is thie oaae, a»3 a changeover 

fros a spbsre to a thrse'-azis sel^oiä* after ohoosiiig the value of £} 

jls possible by- introducing ccsrreetiotts to the' height as- given in 
■j . 

Table's,    It mast be emphasised that" euab. A way of mapping.the raoon's 
j 
'relief oowM be grloptod oaly alter.s the theoretical Ijwesiigailcar 

'Igiven 3A the seeoafl chepfcei". Withe«* this ijive^&i^^-oM^J^jjotüt^^^i  

—     <?/      - 



i wtWTl«;** W'rfiYaKWmvflBTOlwt^WJ^Brffclit»»!^' V JL. 
ußcleär -to what extent a sphere is «-satisfactory approxima- 

■ 

tiois of the leVel surfaoo. After what has bears saicL the. seoo»? 

.problem rectos 'to a detestation of tte radlua of tte sphere which'    | 
■ ,' •    , f 

is doss to the seloncid. According *c our preeejdiflg arguments (see   .   | 

p 38-/of soüree/),  tos exact value of this radius eaaaot bs deter- 

^mißed far the'moon ia that ao««e as it «an bo äono for the esrta, 

pa there is no msc for it,.    It is mmjly necessary that the • 

assumed vaj,us of tha radius be its sa^e constant for all' the employ««?    j 

juries of observations, Ae ragccds t:m first of the problo« faraalatedl 

jabove,  It «tost be ooasidered ia somewhat gpg&tsr detail, j 

j      .    The g^oaotric ewrter of either %bs sßlauoiÄ or of ti» eptwire 
;    ■ 1 

«e have chose» coiaoldee with the ceater of gravity cf the ocoa.    Whsa I 

projected -OH tba os3esilgl spiwiv?, the cexksT of the figure of the 
i ■      ' 

solsaoicl will also coincide viih the ppojsotio* of the center of 

gravity.    Hove«er, the position of the center of gra?i% i8 deter- 

siiaed only ca iio basis of the gpavitatioassl thsary of the moon's 

.action.    The anpareart die« of the moon,  owing to the presence of 

tfotiaiaias oa ti« sooa, does ant .have gsooetrioalDy regcCLar outlines 

?»d it is therefore difficult to offer a rigorous definition for the 

]».iat that should be called its center.,   Naturally,  &OM oGrläional 

|bservatiosg and ^oltation öf stars oo© can obtain the poeitioa of 

jhe center«C ite mooa's disk, but only in a «ertai- arbitrary aä 

<Jiffu88Ö ssÄse, and introduction for correction for the relief aid act 
I. .   .  ■ . i 

^IfSff!^:118.^6"'^1^'  Siftce the höights on ^te «»o» are still | 

?3- 



arafesröd \& a e&rtis&sx surf SO* WMCSII is & aplaere of YSS1.&M# s-adla» 

&»9«»&«at oa thÄ optics! llbr&ticm«    jfeotnally, Haya aa£ other in.™ 
¥s©tifs.toy® Aet^ssifted's ©«-rtaia 1®Y®I fos? wököBiag the &#igkts? 

is* i&e fens ef tlie most px*©b&hX« «irel«« pissing in tls,® esst s.?äa»» 

n<w tM*öagii th® points of the aocya» «dg».    It ±s <psit# owicsiäe 

that tk« centcvs eaA rMii ef i&ss® eivelee will ooinoide only in 

tJra ease «h«R i&# eecm £@ «-im&XIy ® ep&are.    fewrrea?,, as eooa as 

%M.» mmmptl&i, heszomm ±m$rs>®s%i the pmlttmM itae &©t«rESt»ea 

f«p tlw» rLelbl« eoatte» of the aooas disc aac! it# radii will dif- 

fer ftmss ®mh, &%käv mwsy $imf &M tfes -t&s »is teighiä «111 fee 

radbon«d feoa dtfiteamsa* l«v»lo«    I'M?» has let to a sitoatioa *he 

ia tta» ob»ärwtians *e4sw*4 *oa? i«xefaia®:iti®» of its mg® eaataia 

sysit«aatio «rcora, <fe@ to tto Bö-öaliaA Hefe «fffeat of tk» maoa« 

Iä order is «wdci in «w ft&twr« *&« effect of tfcls «newr, it is 

beat to 3?@fea? the isMgfets to.      s «srfÄo#? whm@ csaatsr would b# 

tha BOOM'S o**vfc«z> of gravity«,    Sä* aelaaöid e«rf&9« «Me& w© pr©<~ 

pwe aa the IOTWI masf&os        satisfies ^«dcaly thi* r<^u±r«s»m<fe, 

•She poaitioa of th* center of g^ariiy* ii«wv«r, has oot feem» at 

»11 fixed ©n tlis m®®&9 smA BSI fee d^^fsäausä oaly fcj »«p&risojii 

©f »rlciioaal obearvatioas or abaerv&tloa of oeeuTfcation* «ith tfe© 

«r&vätatioQAl th»9ry of station of OUST satellite«    Ski« jLnportant 

tpestioB. will &© dia©u®!S@d ia t&« seat seetioa» 

<?3 



»W«wKn>i3»<nbaMMMM»J»^^ rrurwm-j» •JL 

9.^   jj^bterialnatloa of the Ger,ter_o£ Figure of tha ^'^.RgJ.stive 

It lias been knovii since Hsnsen's timas that the moon's carrier 

of gravity dos a «ot csoinciao with ttie oeatar of its apparent figure» 

As a re salt of ths fast that the equator of the moon is only insigni~ 

fieaatly inclined to the orbit,  cne can. üetm'näm from observation 

I only that component of the. distance batwesn these two poiats? which 

i " is located ia a direct ion psrpsttlieaiar to ths plane of the moon's 

orbit, whereas its projection on the plan« of the orbit remains 

unknown« sinoa it cannot be separated in practice from the irregular! 

fties in tha moon's longitude. 
I 
I Tha fact tliat too center of gravity does cot coincide vlth the 

faenter of figure can bo das, • obviously, to tha fact that the 

poo.« is an .irregular- and inhosioganeous body*    If one takes into 

ficcouat the nuasrous high mountains on th« gouttera he/aispaero of tha 

uoo«, then it m&y happen, as does on the earth« that there is an 

..nterml ooiapensation for tha masses of these ajouatairis,  or in otter 

words* thews is isostasy.    Local rises on the southern edgs will cause 

In asymraetry in the aooa's disk, and the center of ths figure will 

be shifted to the south relative to the center of gravity, which 

indeed is observed»    As a result of optical libratioa, the apparent. 

[eight of these mountains above a carted« mean level will ohange, aod 

|hls should Influence the apparent magnitude of the polar radius of ths 

qif 



A 

I moon,    Imi larcresi aposrsat bsielit of tS^a sotsrs&iog 'will, bs observed 
I • '"       .    ■ -' '     • 
i , 
I Iä this cage «':»ä tilaa;lr- bass^ an s result of lifar&tion, is projected 
I 
I OÄ the liiiib Itself. 
i 

I ■ It haß bsea established from a larpe amount-of observational 
i 
[.msterlal (see T&bl& l)/that the &c&ö.?a appsrsfit radius, reduced to 
I •'. * .      ■ 
\ mit distasoSs caa es y'st^e seated !>T tha eispjh'Ioal formula ■ 
t 

f«i>3?ö h.-s Is the radius of the imorn fm octles,! libratioa is latitude,     | 
c O ~ f 
I ' •■■.?. 

jb^., is «qual to &a?o, fhis Xlbratiou variation ia the radius was     l- 

1 
explained by A„&, l&kovUM /Li/ by stating that itare oxists o& the       1 

■■■   .   .  ■ ■■■•;. ' '   '■ •■'      'i gpaeyxcax mwrn^ in. -&m soviih'irn ^«■•laphfere, .   a« aMiiioiiaX       \ 
■ 

:iaysr. srotml the pole» a laysr 'which eztssdg tc Ha equator^ &r#3, this 
I ... 
flayer appears to as to bs of vsrlebis thldusess, Acoardirtg to 'this 

[..■'■ " 
jfijpotbesiSj the sorttera bssispbev«. o.f. tte flx;>oa is a sphere a«a its 
r * 
! ■ 

IcoßtotÄT app-skrs'to us to be a. c:b*oIö of raciit?.* 1U, «hioh Is iixtepeaäsnt 
I ■ ' °-   ' . *        . 
(of optics! lifeffetioa, while the eoßtoü? of tbs soOThöim teadspfeara | 

I •   .   , • • ! 
its -&2KS:'£ to be a .saal.-9lll.p3a a.M Is glirei* hv tba squatiea I 

I r«*#f,-|~acos*/?- (3» 02}   I 
I. 1 
pars p Is the position aagle,,. reckoned from tba fiorthars pole of the      j 
I ' I 
p..>onj tte coefficient a is io.e ihis^iwsa of the layer above iha 

^cuttera edgSj wfeioh. vasishsa for ysluaa of p öoatalited between 270® '   ) 
1 , f 
fe»? 9C°  Itbxnugh 36C0)» s>Xtö Is a funotioa of b0. 

I    .     ö;M.;2 ae, lasaxixation of urn real adge is uoooubfeecliy highly ! 

Irtdtsv^y aad artificial.    It «list be siatsrt ttet the; mAm& of the 
ifllflWSH»-!. SftHJi*«««*» **■*»'««■»-** 

...,,t 

^>    if"*** 
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YaJtcsJcia'layw-ls act clear,    Ths rapid ohaagfe in its apparent thick- 

m&s -with oscillations of the libratioa iMieais'that it doss not    - 

extewi fas' sloßs ths liae of-vision arsd by far does aot oovur the 

entire surface of the ©oirttera fcsMiaj&hare*    Qm algkt think that this 

is rasraly local el.eTO.tio.ti, 8ltermts3.y projecting over tha edge of the 

»en fgalsfalug as a see suit of llb-t-atioa, &M possibly located only in 

; tbs region of ths south" pels* ¥s."ßotö tisafc tfoers its ao seed for 

| agißtsaslßg «Ja^atioan is ibs achterste lfetituae.s of the. scythes.*» heals- 

üfesx"©« aiaoe 1». view of the sKwoifis aatisrs of feslicisetrio ohsfirtfa- 
[*■'■' , " '     '■  '   ' 

Hom* tiae fetersiaaticm of the apparent ra&lm* of the maiftg -.csoon 

is affööiec! is practice ota^t by aaftsurs^ats of the äisiasae ift 

fdirections frosibe poles of the 1000a,    No watier whai the nattre of 

jifclg elewtloa, hovfevtu', our problem'eoJigista of filling ifi practice 

[the p&siticö of ths cantor 'of .gravity of tile mooa relativ© to ths 

jcenisr of its apparent sJisk,    fh© positiou of ths latter in the 

balesiiax sphare is detsrsalssd from, ssrMioaal, obaerwatloj&o, oouuLta- 

ItloÄs, eicu   ¥o are ILsffirefore forced to rsplaos te&pcr&i:\ily ths true 

lprof.il« of the ffiooa by a ösriaia iöstheraat.iös.1 otsrvs, which woulö, be 

Icioeet* to it than a circle« ft'om this point; of vley/ ths Yakovkln 

fcoirto«? is a tempca-ary sche.satis'atioa, but oaa ax «hloh still implies 
t 
i 

te-bat the «sleimtioa &be?t^the sotithsrs pole region in local in 
i 
btei'Äötsr e&ä cioag aot defera esxssösively ths etsfctoe southern haai-*T 

tpfcer©, ■' Me shall act bs far from the truth if MS &ss«ias the Yakovkia 
1 '     '     ' 
jhraoibagig ae a euiisbls sobers for this profile, which la the past was 

««»««aw* mw: *.'i*»»nH*W«Wl«P««»iWtn^«*>W>«'«W' «Si».' i«Bes*ni«T«j»«»iR JMWMEMtMeViW 



'■'.i4fts,n»>,flW:it«»-J*Wt1«r»Jr-WM!J-«flT'VJU" 

I ' • J 
1 replaced oaring observations by a sphere of variable radius,    Accord-, ( 

. 
IIHR to this? irvoolbssig,  as we teoo already said, the moon's contour 
\ 
1 consists of "two curvoss    its tioriiwru half Is part of a carela of 

radius Rrs«  and its southern half is part of mi elliose with semi-axis 

Bo and % + a, while the center of gravity of the moon coincides v?ith 

the center of lie nor ffnooa hooispherc« 
i 
f Ota* probl?.ra consists nov' of ealeulatir^*  on the basis of thie 

ibypotteals, the coordinates F arxl  f/ cf ths esntsr of the figure of 
! I 
jfche moon relative to the confer  of gravity»     Usually one observes the     I 
I " " I 
js astern or the western half of ths soon,,    To obtain an equation for j 
* * \ \ \ i 
fcho eastern teflf of ths contour,  let us consider Fig«,  9* Wo place 

i . C 
the origin of the    f- .and "'''"j   axfis at its center of gravity of ths soon 

f>,  arid the crigia of the x and y axfe at tte etmtar of fig,  0s.    Then 
I 
a 

•phs coordinates of a point on the ocige, relativ» to the center of 
i 
s ; ' 
I 

%«/?.! sin J>, 
(3.03) 

and tte coorliaatas of the oasis point relative to its axes x BXS. y 

vllll be 
1 

x «=(/?, 4- M) COS p 
y =« (#0 -f- AA) sin p» 

(3.04) 

^hsra  (no •?> Zl b) ia the radius of the most orobable circle*    lot 
I 
i, ' ■ • /•> 

epange ovar from tte coordinate svstem x, v to f t^.    Then 

<?/ 



mim i wa?»«tr ji'tME-.'a-w. 

(3.05) 

* vhesre   ^  ana  « , as was already said, are the coordinates of tfas 

| center of tfas figure of the aooa*relative to the tenter of fwavltv 

JVoax a comparison of tap,   (3,04) and  (3.05) it fellows that 

(#ft 4- ÄÄ} cos, if- — #* COS p — I 

! {$*-$-&k)sin p**Rt$tnp>~-l- -.. f3,n6) 

J Let us. sMtiiUy tl» firsfe.eqiatloa of '(3*06) by.cos p/anä the second 

i by ■ sin p mß let as add.    Ms tfeen obtain 

I ■ ■'    '  jRft 4- ^& — #*—£ «''0s p ~ n sfA f 
j .   ' ■.•     ' 
j Worn this m find far tßs aorfchw» 'half of the coatour the following 
< 

exorassloa 
t COS p -f. ^ sla ^ .^. |i| -^ 0 

A   ft . «I 

13,57, 

L, 

«0< 1        I   "iXi% 

/ 
%       I 

' * ft». 

I /     flN...I«; 

I     $**/  /if «a 

If v 'V 
of / // 

X v. 
-y 

f)j 

«7 #' 



, r 
In order -to dsrivs on equation for the southern part of ths 

jofltour, -we take the point B on ths soiithsra edge of the iaooai ths 

lis point to the esaier of gravity •«111 obviously be Ictistancs from tha 

(E   -fa oos"'p), and ths distance to ths center of the figurs will be 

(Rn. 4. «Q h).    Thaa the' coordinates of tits point E relative to t.bs 

center of'gravity mil be 

■ . •      h ~ (/?»4- ß cos8 p) cos p 

: .«»a relative to the center of figure 

jy *« (i?a 4-A&) sin f. \jWit 8  Ü  S   . 

; Changing -again from the aocectiaatft ejsteffi xy to tte system   y t<t) 

— «^ ^ — S# -f-1 — — {/?»4- a cos1 p) cos p 4-; 
y_« % — r4«{/?rf a Cess p) sin p — -% 

,Oomparißg the right halvee of (.3,09) aM  (3»10)> ws obtain 

(#e 4" Aft) €C*S .1? «s (## 4- ir. cos2 p) COS p — S 

{J?@ 4* AÄ) si» p »{/?» 4- it cm2 p) s i n p ~ ij. : 

{3.10)    ! 

(3.11) 

|¥s aej next multiply the first equation of (3,11) by coa p arsd the second 

jby g&jtrp and add, tharf                                                    _  .. _ 

■s /?« 4- ÄA « i?tt -4- a coss p — I cos p — 13 sin p. 
i 
and thus, wa bays for the souttern half of ths ooatoor 

6 '                                                                                                    .     .       

I       .( ■ 4 cos p -{- *'* sin p 4- A* a« a cos- p 

«? ?f 



Äsmmidg .tfeai the observed poiats as,*e distributed «ßifos-aly oi1«? 

the satire ooz&our and the&> -number is ißfJLalte, lakovkia /72/ obtainoj 

by solving (3.0?) «rsd (3.12) 

-i) s»-> 0.56 ä | .       '      ' 

M=s€US! s.  ; (3,13)   l 
! $ 

I for the S'ipläi half of it» ossio®* w obtain an an&legcmg rssultj | 

I       ' I 
ioßlj t:m zig®, of ??   QhBnm&e • I 
| " { . i 

1 Eos»  (3.15) aoB for an iafirdiely l&rss number of points* a,sd 
ä . 
I 
fganaraXisIag these eqxasblom t-i© put 

I AA — .^a.       .' (3,24) 

I Hcweve^j. ess vsswally observes with tte hsliocvster .osüy a total 

bf ös?ea poiJ&ts of tho edgei of tfae sio-aa, ■   So sake uas of Kqs»  (3»14)j ■ 

ät Is therefore mmssm:j to oaloul&t© the va3.uas of f £ . K^ , aafi K^ 

I3@ fiittstloas of ÜB position aagie' p* — th» ceatas" of the arc 

peered by ti». iasasn^aassst,©* Asstasi-BR a certain stajtKä&rc! diötp5.butio» 

! |f tae; |?o:ln,ts of the edge ae fyaoiloas of the position afö.gle,; Xa*covlc.Ia 

|oli?ed (3.0?) &»5 (3.12) by t.h© method of least squares^ after first 
i 

ii4)-st,ituti«g ia these equations ths? vslisas of jf > f J &r^  ^ & &*öai 
I ' f 
p. 14).    Hs then im&a up a table of values of Ks » K* , and Kh» in terras! 

/<r# 



of the argument pf, which its givers en p 20 of his article /72/« 

To calculate coordinates   ^ and  "i vo must also »aiovi the valua" 

I of a, which is. tb.o difference betveea the polar and equatorial dia- 

meters of the moon's disk«    It can be deterra&nod. only from observa- 

tion,    The radius of the most probable circle from among a large 

number of observations is determined from formula (3.01}*    On the 

other hand. It can bo expressmd in teras of the quantity a, namely 

k ** ü® 4" /f* «• 

Lst us assume for ij. Its rm&xi value as given by (3.13}? then 

Ä«A?#4-0.61fl, .(3.15) 

Comparing (3.01) and  (3,15)? ^s obtain 

fte + 0f0'5 ft, « /?, + 0.S1 a. (3>l6) 

Hs.yn obtained fros measurement© n5a.de on the Leipzig refractor a 

diffora.nsa of -f Ö.&J." between tba polar exul equatorial dismatetsrs, 

at a& avsrag© Xibration of ~ 1,8°. ' Substituting these valuas of 

(3.16), t*e get 

(3.17) 

Sliailßating hQ -' RQ from Bqs,   (3.16) „and  (.3.17), we obtain the 

{thickness of tho layer a for the a^graga parallax 

j  ■ |0^Of964-OfOS2l?@. (3,18) 

jlakovkln der iveöh/iß addition, the value of a from observations of the 
i 
focaitatiofts of stars by tha noon in conjunction 'with helionatric 

|observations»    He used a correction of - 0.49" for tha latitude cf the 

/<*/ 



I aooiij obtained by Spencer Jones firc>& observations of ücaLi&ticma« 
1 • * 
I Assuming' that this earrsetiois is ths a?e:c&ä^o value ö.f   If » aad sub- ft W- .„i i 

s'tltiitiÄg"fe it iss (3,13)j, Yskovkla obtal^od the following equation 
^ ^** »? **"•* 

I vhers s ocrröSpoKas to the value of s.  uhaa fe  I.lbratioa ia longitude,! 

is sero»    Putting M (3„16; a ^ a and bi3 ™. Os w« obtain 

1 ' 
J ana «e ea«. ftsrthes* nrlie 

j-  - 0.61 a ™ (h9 ~ AV 

Substituting ifc (3,19), w© obtain still aaoths:r formula far ths I 

| aeterainatxoß of %.>, differing liiii© from 13.18), naras-J.y {■ 
I    ■ ' * 

I ,■ ( 
l "his cir<;üffi.f;tai".oe 5 as eixphaoiscid b¥ Igko?kin,  la still •saottes» IMa-     1 
I . .' >      f 
|p9ßdSÄt proof of the. fact that the libr-atica sffsct in tte appararrt       f 

ii:&3Ius of the fflooa äapcads only on ohstyye-o io, tfce southern erlee of 

fthe aooß.  since all the' eoaelusiÄS te¥© fceem sad« «sSey.the 
1 
fasstiüiptioä tost tie cü.üttv(Äv of the area's fes^sti^rs Is reprssatjtea 

[by the curve r -x Ro * & oos^o» 

WE ussd formula (3,18) to ealcyifits af    Kscaiag Ic , EM> anä a, 

C fee oalcaLata  f aai i; froa.forflutl.se (3,14),, 

I ■ 3!hfi £   axis ¥a& cliraotetS aio^g ih& oaatral nsriöiaa of ths   . 

itaooa» "o go ever to the equatorial isystss, it äS fieeessscy to rotate 
I 
ffcte eoorcllaaie axis by as angle C, whit-.h is tha position angle of 'the 
j • ■      . 

/o9- 
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of tte oentsr of figure of tha aooa relative "to the aajatei* of gravity 

are determined from tte following foramlÄS • 

. AK«! cos C — q sift C ;■ ' 
%=^ | sin C-J-ij cos £ I ' = (3.21) 

i 

10»    Caleulatlöß. of Bsrysajßtrio Irregularities of tha Moon's 
—» w ■«•wuwMHi.iiiauaniniH.'X m» WMMKU wiwaotiiimwaUTi '»i j'*j vHwa »uua»T«. i.in. H.II    inn 11 iimum—IBIIMI ■!>■■  mr rxjTXi«'.'"ll"T'""r'i Tr~rT—m—n~n"Tir"" irrr'in I   'i  '    i  " "    """"iJM 

Öbssr^stloas of tfes mooa with the fceliometsr of tte Bngsl'gardt 

observatory hav© be«« golsg oa ooatiivjouely for sixty years.. KB 

Kaa&a' feslioffistrio varies of observations &vs the ioagsst ia-the ' 

.^orld and 'are of basic elgalficase® far tfes sttMy of the rotation and 

the flgiare of the moon,    Hoasw, tarxfcjQ. no« this sattsasiva obssr'wa- 

tioaal material was'used principally oo3y'£or dsrivatiott of tha 

.constants of tfaa physical llbratio« of the iaooa. which were--obtained' 

vith a very high degrse of aocuraoy,,. To calculate the irregularities 

in tha moofi's edge «uaä to coapila leaps, of"the 000a' & relief, vs «ae«S 

the already processed obesrvatiosas, covering fifty yesrs, aad this 

greatly decreased ■ the amouat of oÖMptrk&tioöÄl labor. 

; Libratioa obsarvatioaa of the moon ooasigt of iasasueriag dis- 

tances a froa ths aooa's crater Moeeiintg-A to saven points, located 

Ion tha llXuJsiasted e#gs of tha moon aaä separated by sppposdraately 

pqml aagle distances, arad also of maastwlag tfosir position aaglea p. 
L, 
pte? moastÄ*öd values are tias» svbjeotscl to atsaerotts coxrsstioas, iß~ 

fcladiag thoae for differential refreotion ana for Irrogularltlea.pf 

/03 



tho moo«r s- &ägß, as takes from Bayn's irypsoaetric rasps«    This Is 

followed by calcolaiioBe of the distances h<  frctu the enbsrasridal 

I center or the soon to selected points on the edgs aad their position 

angles o«. usiaö lbs formulas 

A' sis p§sz~ }%•■}■■■$ sin p 

I' A* COS J%.== Jr8 + 5 COS ps (3.22) 

[ where XQ and yr, ara the apjxroxhaate coordinates of tte crater feasting 

^■"4 :« order to obtain the observed radius of the moon h. anl tfts 

coordinates x and y of Jfoaating-A relative to the center of the 

most probable eiroles, trial equation« of ihs form 

^ fj        -~, j"s \ &*S COS j%™f • %% Sill ^ — ÄÄ * ÄÄ — Äf, 

are  setup,  thair enmber being aqual to the number  of points of the 

edge in the gi^en observation (usually seven or eight points), 

Solving those equations by the method of least squares one obtains 

the corrections   ö, x~, and   £\ y,-t to the approximate ceoroiiMrtes >:^  BX& 

:v\.,  a.nä the correction' ^ h to the ephtmerMai radios of 'the moon, 

To calculate the baryoentrie irregularities of the moon's eclga 

!'wa must know the Measured distances h from the center  of /gravity to 

I tho individual points of the reooasa edge.    However,  in processing 
i 

! / I hsliometrie observations by formulas  (3.22i",  one calculates tne 
I 
j distances hs  from a certain assuxoec center.  Thayefors,  knowing h», 

{•W6  have first calculated  hs
0 — tie distance to the points of the 

eel go iro'n the center of the most probable circle^  aaci thea, with 

those obtained,, we det6r.Ti5.ne h.  To derive the iwosssary fo**^^JL±i:™ 

/ o V 



j the- calc«3..af£an, of &$,- ist us exarotna fig» 10, .   The canter of the     j 

I -moat probable' olrcle 0! reiati'w to the sphsnerlcfal (proposed) 

j center        ofavlouiajr oenupy a variety rif positions.    Asswae tbat it is 

. Ift t.he-:posifeIoLi- shown to Fig, IC«.   'It is necessary, howvatv'to note 

■ taat   ***>"Q &G3   iiJo ^AÜ bo consicier-öä iö this case negatived' Tfcs 

point is that If ypoa g^ing toon the ephsQHi-JSdal OGntsr to tho coster 1 
'' - '      ■ ■ j 

.1 of the most .probable cü-cl*,      tiw GocjxUaatQs ai KctfsUfiei-A ohanpe I 
I , '      '     " I 
\W +&XQ and *AyiV then ths coordinates; of the oatttear'of tha inoet ) 
I                  .;■.  " 
| probable cirola relativ« to the ©ptiarussiial oaater will <ifaan??e bv 

j -^xQ aM -^.YQ,    I^rt. us coasicier the iwi&agle 0I*ö: _, is which. • 

I .side    OK s &* 

Siels    4)'k. K it*. 

I ■ t 

i  ' ffiaglö S*ü£ **-p.    » g00><^ 

( 
I. 

jHare p0 is tha popltloa aagles li reck&aeö ß-om the x exlsiäirested 

obtain 
■/fl sss /I   -f» a.©' -2«'iio'cos(^-90*-:j-«*X 

L>JC* 

I 

-   ,   ,    I Ä-/* 'JA«'" 1 2 - 

i h**       tt • I 

spanding in a series aal retaining .firsi-ordar quantities, wa'hava 

} 

jalong -Urn circle of cJaslinatloRo,- an-}   oij '5,n the er.itfLo botvee»  ,a#s       , 
t 
tend tho y axis» &d.v3.i;€ this triple rdl&tive to the «jdo fc3

0, we 

/*$"* 



i 

■I • 

I 

(*at«w»«*»ci«jti»rt»R(m mu«&mrm4*tt*r wii>*Mi**«W* «*s*s«^«A^«*«wM*>RJttmaiU'» V.-^st WJOTSW VfMÄw K1*M*I<«IM.»>-M*W werairA ii«m -M> rta^öa*»*^^.?««,^^/WHWJ^>«'I.^ 

(3.24) 

Faraula (3.24)-bae been.derived for negative vslwae of  ■>& x* ana   4 ynJ 

Analogously' tie o&a dorlf© foraulae for tha ihres ethsr positions of      ! 

the mwber of the Boat probable circle relative to t be - ephemeridal   ■ ■ 
'" •       ■ I 

oentexr,    la "gaaey&l ve shall have tfas following fae/sulas for ■'different 

\A %Q sod Ay.t. • ■        • 
I .   ° 

fr- 
3 -älai V'N*} A&f + A*» 

J^sÄÄ'-f A*/ sit) (j% - «*) ■feSr—Ajfj 
■Ajk 

£ = A/ -'A/ slo (ft -f «0 3PBh— A*' 
__„, ,4 j? 

« r—$a* sin (ö*—ff i -ms-sf 4- A*, 

j , (3.25) 
|fe -«ote that the sign of   A ^ ov   Ay   &3 ginnm here, is the oos 

bbtalwa froa calculations with formula (3«23).    The'values of   ^5* 

pod   g^'1 uhich'ara oonlÄinsd tera'eanlie o&louLatsd £*om the formulas' 

•»'»Sä». 
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^ 
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»a>« f. -liatn M At*^n^ftcm*><siQ(tarT:«aair>Vwt,n' m»»B*e3»3.--»im 

| We have noted earlier that to obtain tte teycontciö Irregulari- 

ties of the moon's edge it ig accessary to go over frora the caste? of 
3 4 

■' - ! 

j figi^e to the eaator of gravity of the aoai,    Whec constructing the       = 

| contour of the mooa's profile uo started item tba 'fact that the 

profile ie assumed to consist of two parts,  the northern half being 

[part of the circle, wheraas tba so?Ä:m h&lf :1s part cf an ellipse.     | 

{The e6ßter of gravity should always be on tho ferf.s of rotation, acd 

as ovxdeaoed by observational döfca, to the north of the ooater of 

jfigure.    Tha latter, viil 1A BadSM.cn b« shifted rolativä to the 

(center of gravity in the m&tvrn cv e&swrn eirectio». in, vievor the 

jiact that vc alvaj's toy vo or.iv the raodt proboble circle in such a 
' ' F * I 

jway? that it fits to the beet warmer the given profit of tba moon, I 
c I 
jln tats case, as can be readily saen, tte centor of the figure will 

J* shifted relative to tte center of gravity for tb» «astern edge of 

the mocn in a scufch-vest direction, a"h far the -wrtwn edge It will be 

shifted in the south-east direction, 

J   •       To dorive the tiocewar/ formules let us examine Fig. U, which 

ibowfl tho eastern half of the *oaa.    Let    iSf ha tte distance betweea ■ 

|he oenter of gravity 0 ead tho osnter of the figure 0«., afla let K he 

A point on the edge of the mooß, 

j    '    Lat us place tie origin of the rectangular coardiaates x sad y 

% tho center of gravity of the won and lot u5 direot tho x axis along 

tjse circle of dtclimtioüs, while ti* y axle is 90* to it. Mo calculate 

/<?? 



r ,' ift"5f.1v*"»i--vif,J,.'n,)'5^.-w'«Aiii <•*(»«.■*. i.< MuMEttnettfeOB*?! 

|  of the siooaK, ooasiclering tLat ve fcae« -h'-Zp^, anä the coordinates 

tax. an&  «4 ■/■of the oenier of ttw .figure relative to the center of f 

I gravity, the as- being cJst^B&aed by formulas (3.21).    De&oting the I 

I -angle bo-fewsan A£ and   ^W by c{ , wa obtain flroa tho triangle 00« K ! 

» 
or 

Ä5 * A; ;-f Aa» - S^/Aacos (90° - p0 - a), 

L «/ 

21s    .    ,      j    v    i 
77" ^" lAg-r*** 

j owrfiaiag oareelvas to fi^t-order ciueatiUss In tha e-^ansioü» we 

can. write j aocurais to 0.000.5 

kxskS- • A3 sia (/% + «). 

J'or tfca «esters half of tbs noon's diek wo obtain analogously 

Ä a» k'6 4- As Hi (p§ ~~ g)g 

(3.2?)    | 

^rlas quantities &6 acd «<   are ü&ioTtnimä frost the formulas 

Ig Sä 

p ttet calculation of < it is slways mceassej to take its absolafc 

psgEtta value, 
i 

ld% 



. jß of the point of the edgs relativ« to t.be oodrdlaate axis, ths, 

.orlgiij of «faidk ia placed in tha oeater of figure, of ths^ moon.   -How- 

ever, 'ws have ,<.äOW transferred the oerigia of the reotangMdar COOT- 

' ellsmtea to the center of gj?&vityf and therefore the position a«gie. 

': must he suitably cotra acted. As oaa bs sss;o from Fig. 10, PQ should be 

changed by as «tjgie.OKC.' sf», which oafs' be calculated feosi the 

follo'wiag formula» l¥oa the ty.langle 0K0' .«e ham 

£in s* 
«-'-i»*rf.-»4'!»*«iiU'»lW!»il9H,3Ä*ö» 

cor 
sis (90* <"■»#$—«)    ' eas f/% -f 

V      Iks sin «' sss — cos (^ 4» 3) 

&8d. 
: /% —- * 

(.3.20) 

Fa? the western half of the moon's disk we -tesva 

Sm K  »: r~ COS (#»—«) 

and 
^ ss» j^ -f- «" 

aawewr, oaleiAlaidons show that tha angle ?fl! doo.» aot exceed ,3.5* ifl 

•fas -mrdjuufflj. aad without loss of accuracy w csa aogleot this oarreo- 

la tha s@co.ad chapter we consider the problea of aero-^efereccs 

iurfpoe, ^bich m. shorn to be a level surface of the potential of the 

- /tf^ 



[moon's gravity,    From a theoretical esasdnation of this problem it      1 

j follows thai the figuro cf the selenoid deviates in general little       { 

I { 
| from, a spherical fom, Tbsraiore, to simplify tos calculations, as       I 

indicated at the beginning of this chapter, we can first consider the j 

j moors to be a aphsi-s, rhose center coincides with the center of gravity] 

and ail the depletions from. this level surface ean ha assumed to be      | 

the irregularities of ths sooths edge,    in ordar to refer tfaöga later | 
I 

to a eelenoiö surface, ve can.calculate ihs suitable corrections from j 

*» i 
loratua  U.4üj, aal introduce them, in tha irregular it lea w sds deter-  | 

-        ' ! 
nuiied. We found it most advantageous to ass»aro for this tr e3 i mi narr      « 

" •    :      | 
spherical leval surface the radius determined  from tha Pir^r- s<^i'*o       1 

! 
j of tibration observations of the moon,  arid refer to the average I 

\ I jjparaiiax am ro .       aero lihratlon in iatituös.  Assume aur.h 8 radiupj 
I    .. w        "'i 
[we töerety excise the observer's personal error i* calculating 

{toe irregularities of the raoon-s edge,..  This is very iaportaat for ! 
! ! 
|uoa.jying aad reducing to a siagle  system all tha ^regularities j 
I from ■ I 

jcalculated       different auriss of observatioas. ixt us denote the f 

jradius cf the spliare thus determined by r»0. - 1o he able to compare it 

pith fa,  calculated froru formulas  (3,26) «ad   (3,27),  it is necessary to 
! *' 
jrecuce r«n to the p&rallax of the moon 7T , to i^hich certain the 
I 
{measured values of h,   using the formula     . 
i 

** 

Tim parallax '*!  was calculated during the processing of the llbratioa 

observation fo* ths mean Greenwich tioe of observation of tha 

//£ 
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I 
| 

fficohj TQ, ■ to vfhlcfe all the ■■»agaarsd- s a»3 p ere" reäi^sd, ■ ißaraxore 

Iii ealcaiaMßg £Q we used preeieely this parallax* 

The mltißs of'ro so obt-s In/so have to be still reduced to the 

point of ofcset'watloÄj bj applying iae parallairfrio-ccarrec&ioa -^ r, 

calculated from, tfan kßowft formula /?8/ 

t.ft..ffl (3,31) 

«tore 
AT ^ r cif'f '—*}siK f* ~f ^sifiA | - i j 

/ Is* % 

■■ • '        « \ 2 / 

■     ' '      ' ' ^ 2 ' 

[ Here   o  is thd declination of ths si.oos: and t i.ts hserly angle at the 

Instant of observation,,  p"      and p^-    ara parallaxes to <X   and   * , 

Sibils jf* is iha geocentric latitude. This ecrreatiori was also 'preoisslj 

calculated earlier for'iha AS an gross tlss«    It be £.ot*M;t iJbat in (3.31) 

*ws should' hava Instead of the epheraer.iä&l valus r the valos ro, cal-   ' 

culatöd from (3«3G),    Heveyer,' as oaa be. readily sea«, 

this introduces & 'negligibly sna&H err or 0    After .msMag ' these oorrec- 

^iiottSj the radius .of the le'ml swi'acc bsoosss   ■ 

| Ü*^fs-fM' (3.32) 

| After fled log IUQ., ve ealcuiats tö« boryce.Kurle Irregularities of 

the ißoon'ö eciga H5 using the formula, 

|   
Wc Bote ana© more that the irregularities' so oaleuiated refer to s 

I fphera. But -as can changeover without particular difficulty to heights JS 

(tl 



msv«^ir»^0-^^^:mrf^n^da^^^e^^«»^v4tüKzi^£M 

|r6okoabdrfrom ii» selenoM lovel surface, «sing the ataasrical data of 

!fable 2, 

«0 •;£ AatejfMffaHttWit i 
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*W««M«*M««"!i*»g-.*Kmi wwni wr«ww»«H%iinK*«ew W ^JemW«m«»«M»Wj»i«'J»i-'irt =-^wnw*«*wkMav'™*tMJ!w^irf«ii*^*'ft«J^^ i!*K.lÄff.4* 

Chapter Tt ' 

MUS OF KI1 MJOJ^S BSIEF AN& THEIR, ACCIEäOS' j 

J^^^^^jfeMasEter aM fet-haaJEs^qpd With It, 

■ "La tfce third elaapt«r «? »s»tIoa that to calculate tha irregu- 

larities of the mocase ralief acd to map them, m useä.ths Kaaan' 

islioaastris series &f obturations of the erster Mbeetlng-A. Tha ■ '        | 

helioseter of, the Sngsl^^t öbaisrvfatca'y was Bwnu?aclw$3 by 

BepgoH ia 1874 a«! v«s.a fl»st jüaixj»:3©d for observations of tits ' \ 
I 

passage ofVeaus owr the sss5s disk, ia orösr ioaeieralae the solar  j 
: ft 
| parallax,    Tm lasatf telio@sier is aa laEffcrumanfc of ttei&u type, Is 

! which the following struotwral modifiostiona have bsea toetde J   the 

;ha3wes of the ofcjeoiitre KOTO synaastrioaUy Iß opposite directions ovar j 

'& eylißdrical aacfece^ «hose raSius emals t«a jfocel diet&»oe of t.te '   I 

:oa,)eotiv6.    flisye is BO lateral displace ma at of tfes syeoi.ee«. The j 

satire tube togatfcar wxtfe the objective bes: ag a whole rotates about     I 

;ths position angle,    Eöadiisga of tha objsöiiira scales and of the  • | 

iposltio» dial are. with tb.9 aid of lojag-foaas adoroaoopes directly £roa 

the "eyepiece s,a3 of tbe t'Jfca.    The dieiaffislosis of the iagfcrtsoant are.        f 
i 

;-as fellows: the diaaotar of the ob je alive 160 mm, focal loasrth 1590 

«a.    The setting of the iastruraent Is very stable because of aß 

original conetrtsetion of the eoltsm on vM,oh tha hellomatsr X® aouatedj 
if«». l>MI1WNm(W>i J. 

// 



I The coordinates of the pole of the instrvmnt retrain almost unchanged 

over a period" of several years, -which, as is yell known, is vary 

Important In positional observations.    The relative placements of 

the different of the Instrument remained essentially unchanged over 

the sixty years of its eofitiauous operation, 

MI advantage of oia* helicmetei- is that it is independent'of 

temperature effects«    This is a very important property of the in- 

strument.    It s± frees the observer of frequent refoousing and reduc- 

ing the readings of the focal seals to a constant reference.»  since 

the observations are carried out at a constant focus, dependence 
A. 

of the scale graduation on the temperature has been 

observed, and consequently, the. difficulties involved  in    the deter- 

mination of temperature changes in the instrument are 

eliminated in this case. The value of each scale graduation -was deter- 

mined by the observers with a high degree of accuracy. Thus, for 

example,  in his first series of observations,  Kresaov determined it 

[to be 

I 51'8*81 ±050008. 

lach high accurecy is dae to outstanding optical quality of the 

instrument and a well vorken ovt method of observations»    The image0 

of the stars are obtained in the for a of short bright lines (as is 

usually see» in a beliometar), vjhloh stretch perpe.nd.icalar to the line 

bisecting the halves of the objective, This contributes greatly to the 

■ Kjcuraoy of the measurement of distances with the holiomster. for in 
 1 M . ..j .JIJJU u.... --1-UJ.1J.1' ..u   111 mil HI in ii '" u'.ii.HBiLi.inniw mm mi* iiii»ii win mmi—mm nr ir-iiii-irrrin--rri -——--.-.—"—»* '- .«mwi i—B—nwtww*—■■^*^*it 
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^ w*^JtK*i*-j»W*J*-.«;^J!M#-Bt**ii5tfite«tt J mtitm/n/^nthr^ '«ww &-■*• w!*.Jj*!« w*i-;iJ»«i" rts»»i 

this case the stars are «x-raj^ac! by motion of tlis halws of the ob- 

i jecti^ss oa a straight limf -which should be parallel to ons of the      J 
" % 

I !;-s or trie eroas hair in too £i*Io of viev of the tube*    :Phe ore«    | 
f'    ■      ■ •      .     I 
| «air i© so oriented, that O»K h&ir is strictly p^aXXel to tha'lins      I 
I ■• > 
I ,.,.,'■ * I 
j Mssot&Ag tlB' kc&vs-E of the objective« arc! tha aaoosd is perpeMicoUr i 
I « *- ' . 1 
to it. To b«s mare, laagos of stars its the .form of lime mke it diffi- 

j cult to estimate parallel positions whsa ßaaGixriag position aagles,       j 

jfor in this .ssea tha images 3t^atcii psrpsnälösiUr to the cros« hair,     I 
I . ■ •'   i 
jwiarsas A.Q tna asttsaeeaaat cf distances they streich' oarallal to the     J 
L '' 
jlatter* Btxfc ocfiBl4«;ri.ng that ths position dial oa OUT felioaafer' is 

fres,a accurate to oas half a sdfiitfce of the hoar, tbi^ mtfarf' of 
I       ■ '        ■ '       "* 

jobservation is suitable, also tor aeasureesai c? Dogition mrt&p-  Tm 
\ " - .      ^   ■  '       \ 

jindex of tiaa position dial ia usually de-termioßäwith aa error &at 
I 

i      ■ 
j la spite of the feet tbat.oiar ■hftli.-jasetp.r is email &ß fer as 
I. 

! 
jaiÄSsiofts go, tfe Äoowacy of aeäewaaaat* of stellar area obtaiaad 
¥ ' '    ' 

pith it is quits high. Thug, the probable ezvar in aas mmixemmvA of 

I. - 
pietasce amounts'to,  usate* iisual aeaa ataioephario ccaaitlcae, * 0»15e 

|o * 0.20s,    The a»sa radius of the aeon Is -csüali? measured with  ■■ 

|>ur *jel.toieetar with aa average■error of * O.W*.    A     hclloraeter 

j-dMIao:- to sure is desoribsd ia detail ia ihs book fey Ambroito /79/.. 

j 5c stafly t&s physical liferaiioa of the aoon, aas observes the 

l^atei' Mpssting<«A,t The latter MES a vqry regular configuration, 

L 
/ 



I sppsr-oaohtög-'lfes cirsX©., so th*ti ths oeatsr of its figure oa» be 

■mlqwsly estissatad! for different phases of the* ör.&ter, because the 

! .'phases of ths ersiar do not affeüt iße observations for most» obser-» 
I, ' . 

■we«.- The' pröbXosn in the ©bssriratlon ,is ths äetÄradßstioa of ths   . 

| position of tiara crater-rslatlw to tfa& caster of the coords apparent 

ölsk9    She method of observation Oiomsigfes of isaying the observer 

bisset the orater 3%est5A0'--4 by< ths Illaaiaateci edge of the' iaooa, 
':; •        read . ..,..• ; 

ssel Vmzi mM, the se&lse Gö&öeeted to the halirea of tl» objective of 

I tte haiioaaetey'j as '«six as tfce aiororasier. Two s'»k aiiaiaggs. o^ tha 
I «&v>t> •    • ' 
I säg®,«*» tfcfe'«rater ;ga?a'MS© before the  &w®'t1&i>f ,-o.f U'BpiCbtä® of-tij© f 
i'    ' ■   ' objeptivsy a»3 two are ■ rads after the r^eettiagj fear a oorts'tant 

I position aJigleu Bori&g the fi?st äM last b&se«t£oas,s»c tile ttma Is 

I seasisrea acowats to 01» O&OO«L    Tkls ßfötboä of observation mlms 

| tte ''processing of the obaer?atiaas very cl,iffioult# far it-becomes 
|      ■ 

f necessary to rsöwe raaas«<*8<3 öistaticse aceS pösttdoa sanies for each 

i | polst el' the edge of the .SMOOB. to &.<3artfidJ&' m&?ap.e iassiant of oae 

| ooapiste obsarmtioa, eoaslstiiigr as asatloxysd above, of aeasurißg 

jdist&£$$s from tits srater to saves cW eight polet© of the edge ea3 

! of reMlßg the position Angles?«   But it is precisely'this «tboö that 
with 

f feig %umä by all tte cb®srif©-rs ^    .the Xasax/ halioiäeter, iß order to 
I 

gBas-sjTtssv against possible change is, tfe® position of ttea null polat 

of the scales owing the tiave of observation» ■    \ 

lb osle-ülats the dl£?sr<3.Qtial r«£raatio& &£ tbs beginning aM at 

I .ths ord of aaeh observation the temperature &»3 the barosteiör vers 

//& 



f read. 
«~~J--, 

I ■ As a vhols,  t&3  following corrections wave introduced In the        I 

I . S 
I measured distances si 1} for run,  2} for errors in sosis «ifisioa, | 

I ^ I 3) for differential refraction, 4) for motion of the crater over the    I 

moon's disk,  5} for changes in the visible radius cf tho moon, 6) for 

irregularities in the raoon's edge*  The following corrections were I 

made to the position, angless 1) for errors in sstticg,  2) tor the \ 
A .... «... | 

error in the index of tho position dial and its torsion, 3} for 
i 
i 

differential refraction,. 4)  for motion of the crater over tha disk of   1 
j 

the moon» The calculation of ait tb« foregoing corrections is quite       1 
i 

laborious,,    Ifi our work,  however, i«e used the already reduGsd values     I 
i 

of aeasurec! distances and position angles» 

In order to judge the accuracy cf ths observations of the moon     j 
j 

•without heliometer, we givo the magnitude of tho error of do tor-   { 

[ mining the position of the crater from ose observation, vhlch is 
j 
* 0.4,5",  i.e.,,  it amounts to approximately one tenth of t»he 

visible die raster of the crater itself»   It shoxüß. he noted that among 
dsf tnitely 

(the astronomical jLastrumsfits, the helioaietsr/voccupies one of £t the 

}first places as regards accuracy of laeasuraiasiiis* 

serie-8 of 
Over sixty years, eight observations of the moon have bees 

" A. 

carried out -with the Kaaatf heliomster*    The instrument was first 

iijistailed in Kazan' and while there two series of observations verg_ 



p*iMMW««iiwi» -»«wwn*»**«*«! '■MMdMWvtaa «W-JH«V-I M*H>TWW «m «i'na/HuieiMwiK.trti'j H««*ati*»«r-j^jakij ««-J—. 
performed, ona 'by Äf¥„ Krasßov ,'ia 3.395 through 1898, aadby.i,, A 

Mlkhajp.ovelcijr £E"CIU 1S99 thro-ugh 1905.    II» first series reiaaioed 

■unpEcocssseß for a ioagtia»,  SI&AQ the observation loi«s wer^i bf-Hie^ö 
i ' Cl*' ' l 

I lost, but in 19.49 tbsj yore foußcl axA for ths ;asxt three years ttey     | 

I vemprocessed: by the author /80/„    Krescoi? Jiad« 112 obaervalidoas of   ■ I 

| the crater_ Mosstißg-1,,    Ha very thoroiaghly im?erMaato-d the .tnstrufnsnt! 
[ | 
I asd d.eteraxi»ä, all. its eongtsuats. The* observations ara quite 'tmi- 

I * 
I foriily distributed over the yes^s ana eovsr both positive am «eeativel 

! t 
I optical lib-rations» £Yoa amonp the 112. obssrv-sticmsj,  57 were mads I 
I ' ■ ■ : !■ 
j bsfors full mooa,.fo«r daring %h&. Urn of full tcr.e,a, sM 51 after ! 

I       - ' ' *'■■■'        I i-fall moon« Tims,  öotb. the i-reste:m and tte eastern el^n of the lan^n      I 

■ .■■ ■ "' "■'      I 
jvsro observed equally frequently,    Krasaov observed quit« persistently.) 

fa 1897, for example,  ha mac 52 .observations of tbs /feoon.» The as f 

observations, however, 'Vers not advantageou&ly. distributed with I 

respecfcto'optical'librötions in loagitide anä latltttie.    Negative    ' 
I 

iibrations;, partioularljr la latitude« prevail ;La tte aala» 

Tue Äkh-aj^lovskii' series cavers almost eight, years of observa- 

iioss* However, dwiag thai time bs raade o/oly. 58 observations of the 

rmoix, ani almost all these were before full. ©DO«. ($3' observations) 

and only five of these vera of the eastern edge.    Initially this 

sariee vise processed by Yoliel /81/, who,  however, did not aake a 

complete rsdi^tioa..of the observations afid therefore this series was 

processed again in 1936 by I, V.B«I*ko\rioh /32/ wi-fcfa allowance" for 

SlJilJ^flfl^L^^^0,nf* The aooWfi°y of the results obtained 

x 



■&WÄWflya TJ"* MW^W^'-SMfcHj-JiiCiiJuW««at WK**VW**»I»■» r***«Ra*»»iJit>i'J''i:-iiiB.'iiW«V4''d,W:to.7WWa«iwx;: 

vas felgter tha» tha .taitlal ons, bat; still remain ooasidsrebly below    | 

| that with, vblah the ooastants ö£ the pinsle &1 iiteatloa- of the ffiooß 

«amoeterKinea-from tte s«bsequö':rt- goriss of observation a«    This is      | 

explained j oa ths oas hand,, by tba stsail fifisste of observations aai 

on the othe?.hanö h:/ tha fent that the crates- Mt;ostiag-A was 

-correlated, slssösrt. ©Kslusively -with ths TO stem edge, &r*a the 

spweXvy of ths acoa's tfisk could e^srt its influeaae* 

hi 1908 ths isO-loKster %?&s i^&MfffiäTTBä, to ths Etigöl.£gai*dt 

» observatory attain; 1910 eyataastio observatioas uifch it were started 

by i-,A* bsy$Äctu.ev:usa, oas eerie3 of ohsar^atiaa was carried oyi'£roa 

1910 through 1915 m& vss.s processed by iLiW T^ö-rtcln /63/.    Of the 

130 observations, ?6 W?c; oerrieö out bßfca-ö Ml sioc», te© dtriug 

tiia iir«e of full aoos, Wöö 52 after full »toon. Aljsontr two .thirds of 

obsbr-vatioas were carried cnsfc at negative libraiions iß latitude. 

Owing to the carefully perfte-n®} observations ©ad their complete aM 

all-cMed jsroossaliig, tha ejeesats of rotation of ths iaoon'were ob- 

tained ^itb a felgfe risgrec of aaca-acy.    It wast be aot<?5' that la 

£HG6i:al all the Kasan" h&liCMStrie series have bsen reduced ae 

[rigorctsalyas possible and a<* thoroughly as. possible. 

After Bsiiimhiimiaz left the Eögel*gerät observatory-, ths 
. . , ". ■ j 

observations *dt,b tho ■ halioiaßier -were oo»fclnuoia by 4. A, Yakovkin. '       | 
i 

Eis large series, ooverlag 15 years (1916 — 1931) and coatalaiag     "'I 

JZ51 observations of tha mo0.0, were processed in two steps /83/, M/*    j 

[in tfei.e asrias, as in ths others» tha observations a^e cot uaiforaly 

/< 



*-*tf^»wiw»wt««»iitfto»^^^ i/.wvw« r:,'.»-«*"*i'*»ff^J<*W*l*' * 
W(tJWWW"*«*WflWW™**' 

distributed-owe ^te edge a of tha EGOISU Tms? the vast-era edge v&s 

observed 159 tltßäs, wl»r©sa the eastern oae «as obsox-ved 89 times, 

«bile thres observations vier® made eluding tte ilms of fall mooa« The 

" ffiMber of observations with positive &M asgstlve. librafcioas in.     .      \ 

latitude ars almost tte 8a<s©»    The latter cfe'e^astesce is of ao little | 

Importaaoe ia j^jspiag tha moon's sollef, siaca the possibility'of 

räseasäÄS^f different regions of the ©tigs at»\?&ce of t&a raooa aepawls 

OJB faoii strongly f»bs optical libi'ailoo oliaagss dwrlag the tiaaa of 

ohmrv&.tioru 

Further m&mirem&isfcs with the telio»t»x',  s'tertiwg ia 1932 ■ I 

throiagh. 1954S, vare öorftiaued by I, ¥. EsX'kovIoh» Bwrlag that time        | 
of I 

he made 247 observations of ths crater Mesastlag-A.. .wkirJi 151. dbserva-   | 

tioss, carried out fros 1932 through 1%24 ware pro-osaseä /59/*    In | 

this ssries, ills «astern edge v&s obssryad 94 tinnasj the eastern 

55 tlffiös, &ttl two observations wer© carried out cUff'iag fall BIOOKU    It J 

must be noted tlsat f5.v® ■ observations of Bsl'kovioh ■yers. 6'XßXtaäed j 

from the ps*ooessi«ig as beiag of poos? qmäl%j (Nos« 1 -~- 4 &&ci 345» | 

!ro!i>. among tii© 146 observations, 68 ware carried, otit at positive 

loptioal libratioas in J&tLtvslQ, and 78 at segati-ve öBSS, IS. the 
I  . with 
{observations carried out?'    itis Kaaarfßslioc^ster'« aalj tha Bel*kovicii 

[series ec&islas far the eastern edge of the mooa a systematic error, 

hich depeais oa %ha phsss of the eratesr MoastiJag-A»    fba aeöQsssxy 

jjcarsotion foa* this «as JUa^oduösö-. by him Icto the aeas'aresriciits, 

la 1938; ihs attfcfoor of ths precast book was enrolled in the 
WJ«ISW-HSBWPj<Wi*V«e»W«^''«'»" 

/^ 
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observations with the tellomötör and he has beöij a&rrying them otrt. to 

I this date»    Boring the 10 yaars (1.938 --• 1956} the author has carried 

| out 402 observations ef tte moon»    Of this ftwnbsr, 143 observations, 

I f carried out from 1938 through 1945, have been processed /5o/«    &&o&g 

these, 79 observations •we.ro marin before full EüO»> 61 after fall 

moon, and three during the tisa of full moon»    In this sixth hallo- 

metric series,        a greater part of the observations "was carried out 

at positive optical librations* 

Table 3 shows the number of observations &zv~i the measured 

heights,  used in the constrücstioa of the maps-. 

■ fable 3 

{ 1) Series of obser'?et.loi.ig,  2) years., 3) iiufäher of obaervatioßSj 
1 " 
14} number of measured heights. 

.tö'&anov «1/ 8 '.^»--f 

\JPsa Ba&iwaesssli 
I€khav.loi?3kH x--.. 

EanachlevieK  _„._ °" 

Iahoi?kiri   —.  - 

Bi3l*ko-</ich ' 

Ifefedlev -" "" 

Total -'■"'"" 

!       «1}!^?      !  KfiJB^IBO 

 ^^""*—4~* 1898—SS05 I 
 ___ -_     1 -~>!9l0—!9J5 l 

__     ~J-~>I932-1942 i 
Jl- 1-^ t f*33 — 104> i 

i 

im 
S4 

130 
2-11 
140 
136 

'#1 
IMS    « 
#?2 
«27 

--;> 
t 



:,»W.-Önr,'iunfi. «HO/» M/a-tini w.w v^KW'-v*JM*»-^ji*»«.>:if 

OospsHiig tha ßiKtbsrs i«s this table *}ith thcsa givers earlier 

! for ea&h. series,, ve ass that 35 ofrgsx^atioaa 'Wäre excluded, sliiee 

the ealoulalÄö heights wer« in strong disag^a.oroßRt with other 

ms.siM't&mm&^ The reasons fco? these «ore' sitbar poor atmospheric 

cocM/feio»^ &i vihioij t'ha observations vers per-fca'ssd3. or sise3 as 

took place in the series of £,A„ Sakcfkia, e&sppinie "wsro fotiad ir> 

iha published-, date»    we cUci not hav« a© oppocrttuiltj to correct thsss 

.»ii-staksg, ßißoß'i-ia did «et have tbs lieoessary wattärial for this.    In 
! 

a?MitIoGj certain observations ^»ere ■ excluded by the a«ihcc5a tljengalires] 

ss being cf poocr ?ualitw4b«t a*s ass: as. designated ixndei1- tie CETöS- 

posdiag aerial Stüsbers in tfas published data, Aa a «bole, ths 'height© 

x-ie used. J.fi oo&striisiijig %,m aaps fill up almost t.60 antike edge bolt 

I of th© moon» Tb% latter iusousta to approximately 6,000 squära degrees» 

pferette ob sax- vat ions to be distributed' uniformly over all parts of the 

I beltj theft is saoh .-square degygs thä^e wald be oa the average eae       1 
l ■ ' 'I 

•■       . ■ ! I height aarker«, is? im sh&il see balm;, ©etuslly this did fiot take place j 

''■s' ' \ j ©peejexag fiurtfiser öf tha material ve used, notice must be taken     I 
( 
I of' its 8igM.£iea.»t property» mraeXy homogeneity*    £H ths» obssrva-   .    | 

itloßs '«ere carried cut with oisa isstruxsiti^ by one sssthod, an»3 | 

' I 
Ira-oceeseci by a giagie frosad'urs t    itds is particularly impoi'tasi    ■        { 

L 
111: for ao otter reason that it frsss tos observer of additional, cslou- 
! 
flatiofis -ytes unify ima; tfea observations of dif'fsrstrb atrfchors, 

Ws oaßaoi fail, to acts that a sei-iee of data vihlob. ara 

Itthd- 



r-' .JV.    .f:,^ 

öseefttiöl la tbs tegs of the observational material, «are ußfärtwostel^ 

aot pitsiishscV« TJ*asa5,aali>5e fip&ra2,"tet,n of the moon la «*• and   ö , 

'topoesntrio 6pticsl liberation, the. position Angle of ihs moon*a axis 

' of rotation, aM others*  -In.view of'tbis/( in serss oasoes ¥e bad tc. 

repeat calculations already pw:£a?m& before. 

3.3. Construction e,€ tha Maps of ths lfcoß*s Relief 

Iß. order to |seoosad to draw tha line» of equal height, i.e..» 

the isjohjpsesj isush 'work hsu3 to be dorn on. the ealotitailon of ^the 

irregularities ?>t t'm moon's edg^«. For tkia pte-pogQ, it wa© necessary 

I to kiaow ihs asaetcr-ad öIstaÄfiss feotR the oaaterp of gravity' to tte ©age 

I of tfie aooa« la tbs., third chapter «a iUsdioalecS the yay Sä! gave TCE
1
- 

jauXas foe swah saXcHlatloae* It «as first fiscessary to oaloiüate, by 

'«satis of fcr.m;iiLs, (3,25), 't&3 distances fe>v, from iiäß.oanter of the 

|So@t probable circle to the* oarx-BspormiXig points of the mooa's edge. 

For this piarpoKe v© used tbs äigtdmm'b*--£töm a oörtala ©phsiasrSxIai 

oeir&ai« to the assagwed polatg of thiisdj'M of the sooa-J       which were 
"IE* 

jalrsady oalotüeted ötrlag the processing of the libr&tion observations 

of tha jsDoa, asä tte position sagLsg pQ} «hiah wer« öbtaifiad from the 

squ&tiaas 

Ä' cos p§«jr, ~f» $ cos />.'; ' 

Let us 'make here tha following acts.    In 'o&Lotilsti&g fa* firom the 
I 
|obs©rvatioiss of Ifcasno-7 aM Sfefed'ev;, w oon?eoted the measured valtteg? 

pg-i^Jtaia<wnK;ia^i^y'a3ww»K*vt»^ti^«^»iM M«w<<^^K^J«wwga^»»iP»Mji>wgwft«a^rtM^ in—«j M.tS»j^>pWwfJpr^wt<Wgw»>«M»ww»**IW»»-'l^*::'1' 



I of a fen* all the corrections, with the excapt-ion ^''ilrrTcave^ilom^"!. 

jfor the irregularities in tba moon's eclge.    Tte letters wereiatro- 

jöüGed fro^ Mayn't: SKjps directly into the right halves o.f (3.23}« 
I * 
I l*horoi"ore the valves of h' vhieh vre calculated from thftse- cbsfrfvnt'ions f 
!  j 
oontaljaod the feeguLarities of the iron's ed^-.    Cither nb«^««.o    ,-« 

j the otherhand, introduced ccrrGotions for the relief at an earlier j 
I   .   ' - '   " I 
I stage of .processing,  «a^Bly In tte moanurscl  valnas of 3, and eoass-       | 

fqusirtly the calculated values of h! vere obtained .ID thin oa^p fro-n       \ 
! " j 
jttie solution of is-j.   (3,21), corrected fc- irregularities of the edge» 

[But siaee vc ^eed the values of t3  eco-eeiel for tie relief, ve had to ! 

produce xii all the valuer of h? thus obtained the errors due to the i 
!                                                                                                          " I 

I ! 
j            la view of its faot that the crater Moeetiag-A is located close ! 

jto the center of ths raooa,  it is quits issaterial whether the octrrec- | 

[felons f.Ttt- relief have boea added to 3 or to .V.    Actuallv.  if m ! 

differentiate  (3422), we ofctaia the £o31o'«.inr? reaetlcm I 
\                                                                                   "                ' j 
j                                             t/ft'r*flfscos(/>—pe).                               (4,01) j 

line öxuereaee  ip «-• p0; cgR reach Iiö; in this o**s=ie ' 
i                     "                       " I 

]. . I vtiiom is close to laaitv. 

! 
j          icidiü£ tm carroGtions    ^^,Ar0 to ths ephemer ide.1 xsdm& of J 
!.                                                                              '                                                           . i 
|he coordinates 3^ at« y0 of the crater feegtiuig A,  obtained by | 

iolvißg (3.23), 46 calculate t?
0 using (3.25), j 

j         Is this «»ay obtained h»0 from tfce observation* of Kraanov, i 

y«-- 



W;^••IW^l^ö»Hff'^t*fl:u(W^w'^«i.flB*^s*!ly^''^w^'!<lr•(ia*rf'«l>tf-•'«•,3^J 

I Baaeebleidaa* .Eel4ko?£ßhe &M Ifefad'ev.    la file'pfocssslnj? of tfas 
I öbsernatione of Mikte|lQV3ki$ ssä lakoikia we coulä äc «so, fcr T«e 

; dM not have calculates values of*' Ax(} sag   /-YJ'Q«    Ift therefore 

proceeded 'iß .the föilo^Iag «saimer,    IMßg. fctee published values.-of the  j 

. preHoiiasry r§ots£g«Ia?r soarcfiaat©«? of !>bsst.lBg-iv x IMKS y* x-elativa 

to-1fas «water of the isootrs disk, w$ substitatsd tfeeia iato (3.22) 

j togettwr 'With XQ end jv,, solve Wiese eqtat5.ana, asß ohtaia thereby 

[ k':Q asrlpQ*    This V.SJ" ol' caloiLLfitlßg hE0 ig aeteally eüabersoKja asü 

I atöoh longer tha» the foragoiög raathod, but in this csaa It was' 

! s 
1 Ho .tiots thai the corrections   AXQ ar»   ^tyo to tm epheiaariäal 

|corrected for .ths relief by mease ofHaya's .maps, Thug, tha position 
I . . ., " 
I of tbs apparaßt carter cf the laooa'ö disk Mas cüete:n3l«4 su££iciö»£li 

$ 

j accw&tely.    Hayn cIM not satoa a sepoad app:osda«t,laia U» calculating 

I the hsigai te die! not eirteraiaa tue «eater of tha moos -yiih allowaaoe   j 

If«r tte error© of im mooa's edge), this being a certala shortooiRiag.     | 

of his -work* ' 

It was mat aeeessary to chaage-^ver $rx>ui the eeatar of the 

racsfc jxroisable olrolo fco the center of'gravity of the mooa. For this 

purpose it ^as first liecfess-sry to calculate tha thickness of the. 

hypc/fehetioal layer.a for the observed Hbs-atioas la latitufle d0, aaä 

]after this to calculate tfas coordInates' A x «ad  A y of tk center of : 
" ■     '        '      ' i I, i 

LB!L£M!E!!~ *O ^ center of gravity, J^^iuil'^Ll 

/^i 



l£M»Mtfto**B!#M*(l'r «r«^..*'«!*,*''!* uw«; 

{Siotiing tba Pettier, '«e thßß obtaia the dlstafiess h of the pölats of 

th& ©age   -     'to ths rnrnse of gravity* ming (3.26) as! (3.27) for 

tfealr calculation« , ' 
r • 

I ■ •       tables IS —~ 17 list, e&ofc e.aö gerleg oif d>8#rts.i;io.ns of the  . 

V&IISSE of &, b/j? ESRI 0 -— the poßiiioß aagl« of tbs axis of fotatiois 

I of th& isosSj ioa eoo-Pfliaatee   A x. and & y j aas also the radlas feu 

I (tern each diearlvatiögi) of ths aptera to vkloä ¥« re .far t,hs ' iLmsgulari- 
t" 

I ties of the. ectge«    table« 3,8, 14,, 16 aM 3.7 costala, i& Mältla,-. ibe 
l 
j 

j eor^eotlens    <d XQ-öS&3   Ä JQ for tlfe reotasg&Lar eocr'äl&aiss of the- 

l&eUr Hü6st5-ßg-"i/ieÄloulatsd froa feeaala (3,23/«    These «rs sot 

||iw» fur tfae 'öfeser^tioss 'o? !€Mi&flov3kif as! lafcofkis, for reasons 

|||1.1?SilS a^LO1^*. - ...... ,' 

It vsas ßm*iIo.j^d la tiis third, chapter that 'tibes caloaLatlag th© 

irr?3güIa?.ttIo-si of ifc& ed^a ne asstswd th« rscliu« of tte moo. ?'A 

darl^sö feea t-te part4o«3.Är SSTIBS of obssrvsttioas.    It contain« a 

.oertelti ^stea&iiö OFT©?, ^hich "tfill.be i^seiit also Ic the saagwreet 

^alese of fe,    But «toft oaloiilatiag the toegvlsriiioss, vtes the 

difföreacss fe - % or^ svaluatao^ tills er;r«r 1® ^XIMmia«. Tim etrer- 

täg© raäius of tee üEOOS «as ocarectea for« ths Hbratior* ö.hs.8jp sad lis 

... .-"-'Aftea» »e&or'iag the saigas of r6.0..to tte &sm?^^ .ff^säj.Bx eM   , 

to tfaa p3«ft« :of Äöäaroatiöe, we esla&lated the irrsgiteities of .the'. 

««■*** » J»M-«V-f«W.->«H!fli »™**B5'!WK*>?o«i]n*«W***™!J»*'n' 

'^t* 



1 MumehlmMi* table 4! 

mi 

J 4-2.3 

J; 
t 

t&; ^ ,m ; 

V %       *%(*%     rf^ t        ! 

16 32.95 i 
IS 32.33 . 
15 32.21 ! 

H© £wm& it &^i?s&tagf<;y&äi to ööä&fetiet täs e&p of tfcs rel&sf of 

•Urn aeoa ia ifes nslaso^aiAl«' aystea öf eostrfisfttes* as «as äom br 
! . * 

ItSegra. /25/.   lat «@ recall again tiat the positi?« poll« of fresh a 

JBoesrdiaa-be sygies la the point of iate* «w>ilo» of ths fire* raer5iS«t 

l&l* the sßoa. ¥itfe ita squats* f«a losgltööög P ay© ssasarscl ft»ßsi the 
i ̂
«rlh pol« of ths ooaa tow»rds iößre&altsg pcsitic« «vagXegj while the . 

\ 
I&iiiÄe D a?a K^lrosi&i positive an tise diesülioa towards» t&s sartk, 

| fhs cocäKÜJaa'tca P &M B w®re oaioiÜÄted ia ths' proeassiag of tkm 

|.3iratlcöi o&s«:r?atIctts,    Eros tbsse üsc^üLaaias w obt-iis tfeß eos-rec- 

|ioa?ä fos? tl» feregiilsrities of ths ROOK'S «dg« eft®? Is^m's maps» 

fet«Xly J? $mä P sx=s oaloiÖÄt«a accurate to 0*!1*,, This ig quite ad&qtnte 

for ©K» purposes, if «e resell that oaa üMgsm oa this Moon*» soteroM ! 

st&feaS.e at tha earth &a aiegX© of 16 s* 

|    .    It msi also fee soted thai ia ife© ©alöRlatioB« of P ®&4 B ws isacle 1 
>     * 
4»*«.(n,liB«;Jl,'HHiWl-*MXHr«-*t-^J»'lJ"J>'«c-iI'J.-/Jl'-'*ll* '*: IWJI^W/WA^W«^*«*^^ 
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as© of the position angles p,y rec&o&ecl relative to tiia eenter of 

flgura of tha'aooa,    Howovsr, the origin has now been transferred to 

the center of gravity of th* moon.    But this äom ,«ot influence arsy 

way at all sigaifieantly the■ values of P afid D»    The latter hme been 
I 

calculated from, the formulae 1 

0«£>i 4-0*26, C4.02) 
wöera 

Ä, s* ,t Sin {H - X) /' 0!2S — -L ö, ^ 
\ 2        / 

A*« 0*0088 /,fej, 

tg(i8o ~x) «*-&&_ # 
s«"a ü*ft 

We have noted earlier that tba trsaafsr of the coordinate axle from 

ti» coatsr of flgurs to'the center of gravity of the moon eatails a 

change in pG not greater thaa by 3,5'.    A3 ear b® aean froa (4.02), 

this error will eater ooaplately iato P.    But stub a change in. the 

jjocardinftte P will be within tiw limits of the accuracy with which it 

bas been calculated.    Ca the other fcana, D reaains unohaaged at all. 

Actually, 

dDi ** a sin (K —11) 
57* 

(4.03) 

Ana at mxtatra values of the quantities ooataioed there 



*atu.£6   ^T cilh GO not oxööfid 0.01*.    Thsrsfora, -i« consfcesoWng ihs 

Kape ^s baifö ossä tsra prövdously c&loulaiad ©ethnographic öoo:r?!i»feies I 

[J? a&3 D, whloh Ms eonaddcraKly reduced the ocaapatatioaal work, vblch I 
I              '                                ' ! I« bii» enough, .as Is« { 

i i 
«avittg the oalö-üÄtea valuee of ti*a teighfc K and thsir eeleoo- 1 

• ,f                               " i grapaxo cocsrcis&tss P a;.Kl D, ws aould. proceed to trses tfo isoJ^pses, 

jfjslcg graph paper, wa c?:^ a coordinate grid is « scale of l«7cia. 
p'eprescis'feißg    •■ j 
j               ihs eqäntor, parallel«, and the latitwSö circle by autuailv | 
|                      .                                                            .     .             ; I 
fpsrpa&dictuax' Haas, We Ifcsn spotted OB the oocar^Ifeats -.geld tfes points .1 
I I 
«of the ßiooß?a edge* ralatira to ths coordinates P ana J>, aad a&rked I 

saeh. of tfta«, bjr tte» valua of I la t*«tfcs of A. aanoatf of arc.    ia I 

i     " • ' 'I ■|Orä£sr t0 to**» ■                    ,to wfeiah observer ths parfclc «Xsr points j 

|ös,LGß,g0d* ve -spotted thus *,<l-bh colorss erayons,    As «ao bs se&s few 1 
1 >: 
Jl'ablÄ 3, ys apoUüd a tot&i of 5,630-points. Xhö lines of equal levels I 

bes-e draw» *ve2y ü«£ää i& iselght» aaä the uall Isohypsee aad the \ 
I I 
jlsohypses of tkm *iovst;.wiG «era traced by ©olid lirae, uhile the        ' j 
L 1 iSep'Sisgloas sets sboaa eiottsd»    fbs tracing of the isofegspseg «ss 

fou:ää to bs not s .si«apXa pteMs», öiace tta points twsrs 'dletribufcod 

jps^eri^ is to. Investigated edga bait» Thus, w kills is tb-a regions of 

toe pole of thet isoon thsf «era coaceatratad far oartaia vali»s of 3D, | 

Äöfl each square degree ocataiaed several height mesrkarfl,  in otter 
),               . I 
|ilaoG« to too ooctrary oaly ofte peiefc «as coatalasuS in s«, eras of ! 
In 'I 
| or 4%    it was sufficiently easy to display lar'^e ölevaUwjs äG4 { 
I            . I 
^pr*esea.one, eus -co figiwe out tue MÄffits relief was eomtisss difficalti. 

/^ 



««*«iwwMi?^ä*w**Hwaw«««te»rtw*»«^ 

Höwsw/vö adhered ßrosa tfas very begimiag to ÜB rule of'dräwlag 

i iao^fpse® oaly* ia those gl&öss, where ttere was-a-s«fflclsat. auaber-of 

j.pola&e &*offi *Moh s.a M«a oottlö be ■galmä'^sgerdissg tea raUsf» 
1 ': .  ■ 

14»   Inscription .of tte Maj>s 

Oa oitf saps, tka liseg of equal Iswlare not ieol^fpses ia 

il» usual geaast sites®,,-for' «sample/a ffiotißtaia ia ih® forsi of a 

eitraular com is rsp^ssestsd by a sgrstom of stroisglj ste-etöteö. oval 

eurwg*    fbls tepjxms bseause «sia'lly m measure &ot tfe. tsröe'hslght' 

of the moon.,' bist. 1% leojseilofe o& tfao plaaaöf tilg pioW3»...fi»raf<aeei 
;' are ' •    "     .      • 

tb& laoi^psaiS •mpmmaäsä, m the mp as If tee öbserwr %*era £a the 

«ürectloß of tijs occsrfilaste axis»! ftu^quaatiy, the ' " 

ISTagiilsritisj* o!jta;l!S5d; £eom ow saps do not give m Idoa o,f tfce 

tras tislgfe* of the mott^&ia,   ¥e e&a&ot say vbsfc its «ctaal height is, 

also because' the mps reprs ss.fi* a aßoothed-o'sÄ rel&af,   'Howaver, Iß 

ooctpUatloa of isap^ of this fcisacl ».«öh © psfobLea öoe@ not «rise.    It 

äs iisportast »rely that tte tsaps reptreeoot emybla*, far all optical 
I r 

jULbsratioas, ©.;      ;iisar ptofil« -which Is close totality.    The 

i-ellsbllltj vlth whioh ifeß isofcsjfpsae wera draua depaoSed at least oa    • 

«wo ccfidltioag, on tise uniforai aisteiJbo&i.0£ &ed. oeossssy density of 

oiats tea given «otic«, of tiw moon*a swrfaoe, axti also &a ih® ' 

egree to which the height aeffkars,. deterasitwe from <äi££era&t aerlea of 

»bservstioajii,..agreed with «sah other, Tm Irtter co^ltlon vas «ttig-    ! 

lied ia ew ease quite mil, ffitera a large elevation or a .largo 

Oö 
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depression was observeds  all tte points spotted Iß this region co&~ 

firmed tte fact    •  quite clearly,,    The relief represented on OUT 

| maps is la general similar to that traced by Bayru    Ons eaaaot speak 

however,  of any coioeideftoe of isohypsss,  since out heights are 

reckoned from a oerteia cornea l«vel surface, gorsstiiiag which Haya 

does not. We therefore cannot raake in principle a direct comparison 

of Individual hslgfets, taken from our maps and from those of Hayn 

sJiioe cur corrections for irregularity eofltain the so-called large 
j 

relief» which does act eater ia Hay«?s irregularities,. 

Via have already mentioned that the reliability of ärasiag the       j 

liass of aqual heights departs to a considerable sxisiit on how densely j 

the height markers are placed ill the givan section, of ths mooa's sur»   ! 

face.    If we consider our laaps from this point of vimi, «e oan say 

the following 8 for valuss of P between 355 and 5W sac! fear positive 

B, there «as a largo, ©vcm ejcesssive eencsfffe'atlcm of points, whereas 

wltbla these liaits of P, but at negative ■ ssieaographla latitudes, 

there ^re go few points, that m refused tc dr&v lsoiiypses.    The 

points were distributed exactly ia the sama raaanar at values of ? equal, 

fto 175 —• 185Ö, -and therefore at negative values of D the maos stow 

p. «kite spot*.   A sia&lar sitmtioa prevails also on Bays's rjaps. 
l 
jftpparantly tbsss places of tte moos ars difficult to observe.    The 

•f 

eistribution of points in Individual «ones of the edge belt can be 

fseen from the follo^lßg table; 
I 

/3/ 
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sm*iMM^<<iiK>l^-'*iWiX&^W:t^,r*A't2i& ]'«^..-rf KWM«» ««.wo. w vt^uifciXp'jmso.'.'iiMBM; rtrtwimii'«*'.' 

,'XaKLe 5 

3.) Buisfoar of points^. 

I   ■    f   } r sieto mnm. 

$~I0 
10-20 

513—80 
€!*—?« I 

iocs—ii© 
i '»!<*-!»} 
}   13®-~f3C 

I  ttift~!?Q 
J70—IS«0 

P 
fa 

'tst*--vmfj&:i?ii'ntv/ !■» m 
i .4. 

•£) 

16$ 

©1 | 
S3 ; 

tiff 1 a» | 
at " i 
i € 1 
63 ! 
A-3 

64 
im 
51 

54' 

5! 
42 
53 
38 
4f) 
53 
41 
-!§ 
>II 

58 

<« 

Si 

I      190—300 
' 2U&-2K» 
210-230 
22&-2S8 
230-24* 

I 
- i 

1 ssy-« 
1 m-?m 
I     278 --as« 
I ' . 230-2t& 

f 3Ö0-3J0 
j      310-320 

I      330-340 

I      350*--360 .     | 

|_  |. 

||      it r o r o ,. , . I 

143 

IS! 

113 
115 
l..t<* 

I SI 
189 
no 

IS® 
82 

rs 

79 
m 
63 
81 
4? 
81 
61 

'si 
50 

M 
89 
96 

2146 

l Eros tho data of Table 5. ^« os.a ooaclise that at positive 

Ilatitudes ilr»rs «era soys'points than et negativ© onas«    ffais 

I occurs for ths following reason If ~m look at t,he map a, » sot® 
I 
Ircaäily ttecfc .the entire edge belt £ro&. (f to + ID0 Iß latitude is 

jaltaost ooaplstoljr filled ultfo poiats, wfeereas.st jj.agati'Sf© I) oas'oaxi 
1     ■ ' ■ . ■   • 
jdraw iso^rpsse OJXLJ?; frcsr. (f to - S®, siacsa there ver© ao markers 

in tte raßialalag part of the belt, There mr® act e&oisgh ■ points jüa ' 
•i '. ■ 

/:?^- 



at .negative -latituies» aöd 40ö — 50° at positive latitudes, as wall 

m ta th^£«re»HUoi»d %oms 175 — 185° a»d 355° — 5&.    la all 

! parts of the edge bait, tb« poififfcs ware as a «hole disfcribösed aai-     j 
i f 

I' iorislty.    It säst also ba noted that in tba bolt covayiag the veet«rß   j 

half of t'm uoo&, there wore sore poißts en t&a eastsxa pare»    j.'t» 

large fesigbts aisä valleys are reprseeated os oar asps with great 
i 

f reliability. ' 2ssy .^ea^atly raaoh In our maps 3 er h ka.»    Höuewr, 
i 
1 theaa heigirbe mix valleye sa?© ooneiderafcly smaller than those given 

ia the saleuogrftpldc i&vestigaiioas of Srena, Bittsr, Bapraaaa, and 

othsrs*    la a recetatly pttbilsted paper of Ssaoaqaa /84/ it is • 

ia&laxttä that tha «unplltttße of tho height, determJ.Bsd by his by 
I ■ * 
| stereosooplc seaas- ytaiti» tea photographs of it» moons, reaebss 10 

I kia» •yhile tte elope of these point© is on the awrags greaiay than 

j fhs relief o£ the rsooc. was rspreeaateö by a.s on eight saps*    It 
j 
li«3 irma in a coordinate system abscissa* of which are the losgitüöes 

JP asd the oräiasias &rss tha positive asd negative latitudes B, Tm 
I 
j seisaogr&phle eoorai&a'tes ? a»! D eaa ba ffasd on tte as&p aoeurate to 

jo»!0.    For ooavsaieacs i« use* the coordinate P is marked awry 5°, 

bhlia S is ßarksfi every 2f.    Ia order to b<s abla to pick off from 
s 
|K&|JS tfae oerrestlofis for relief? it is mzesmzj to calculate tfes 

üooTöiaates ? ®d S «slag foraulaö (i.,02},    !fowevsr? it assj bs more 

feofii?esi©at to rsp*össÄt the oootrcllöstsa is Ex&kowiaö fom aa gi^en 

litt the papers of Kybka /23/ BaoacSiievfics^ /^ljtS^^!^£^^^-^-^^ 

/3 3 
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-viWWIWM*»«!»*-**«**«*««^ L'      " ■-A»«»»'-»««««««™™™"."»»™»™—'"-»» as*»*** -i^"ij^w w*i^ini*-iÄBip-v>*ui»-^iw^»«*fcw**>« 

I bälgtet© picked off ito saps rafter to it» »fsraga älst&soe of the laoes»! 

I5„    OoüceraiÄg ife« !«ntsrao:f of tte Maps 

To describe ilss saps It Is iap^rtasfc ic ä«töräsdi» tlaa eeoisraay 

of ites correctiofig ploksd off froa tbsa fcr ii*s irregularities B*. 

-Sbls «Kjcuraoy will appsrenttj' depsM GO the errors «klefa estei:- ioto 

I tfae' hfiiloKsteio msa&tsrenefitsj a&ä also ofrifae errors «kiofa. sirs 
! 

eefiÄBat«! with öh-j^iag the ©qtsal-lefsl Haas,,    In ©rclsr to calculate 

f these arrest It is aaoessarj ts dossil tk* Bein«! of aeaaia?i^ the 
!    • 
I Irregularities of üb© ifioüs'g edgs Rsct tbe «slvihM of aat^piag the 

| relief»   &® already SSKIIöIää, ths? Isslgfrla I ssXouLated fro& formula 

i (3,33) «ere 'g^asqasitsily plotted. ofi^sooröiaate/.^MjEfaaä ibis fas 

| followed by ti» traolBtg of tlx isoi^pgos,,    CofiSBqusntly the ±r?agöl«?i- 

I ties picked off tba saps ■«ill liwlwd« as erx*«*, %?M.eu wa stell call 

I the **«ö0t.!sittÄ ©rror*88   ÜMs ewes? eaa fcs üsleulstacl ft**« tt» £esraal.& 
i ' 

I "   f |f — - 1 

|whsre T s 1 - f ajs3 is is ias ß^sber of. ibaas äifffeeeßs«^ tkm velsass 

of v are glvsa for eaoti series ,1a fab3.es 18.«»* Zi% ths brackets «oa^ 

*stl» üB differe&ssfs -wblcfe %$>&<& eot use«! is ti»a« öaXotelatioM, .siaset 

jibs teaaaerscs iieigls&s existed grairfcly £roa ofebar dstsraiaati.oa© aad 

jw© tllsnsgarciaä i& aoastrisotlng the JKSSPS« 

I       . Is e»a be s«e». fresss (3833)3 H -yili eoateia t-fes error iß. 

peassrfjsg the vä&im fe, Ife fiasco tills by   £w»    fiaie latter eeus bs 

/3f 



•r.g>nr WI»*J»*I* Jit wstvjnhr» j«a>t ■*W'Wll™<w^iil,i«U51i»»>wtw«v*i-w*'i«*^*^ 

calculated in tbs following woj»   fe obtain fa?oat cbs^v&tlen tiw 

measured distances s froü the crater Moestlng-A to ths edge of the 

moon»    fh& errc?r of ths observed s ui.ll consist of the error of 

'bisection of the crater by tm saga of tba moon sM the era*or 
in reading 

. th® seal's as sM the? E&orometesv    In obssrwtioas.» tfaa 

crater is aimad to ths adga twice aM tao readings ars js&äe acöordiag' 

ly of ths ffiicroaets."«:^    Or»,© can thsrofors calculate the deviations W 

of the individual valass of two readiags of tbs al&camter from their 

average, and than ths '     error       ia measurement of a will 

be 

* " F It   —   Ml 

(4,05) 

where a is tfaa number of tbs iMiviäual daviatioas aaci m is the number 

of groups.    In order to obtain the error of b or h*, we turn to 

Eqs.  (3.22).   % have ths folloyiflg relation 'bstwesa the errors is 

the quantities s ants hs ä 

(4.06) 

For a certain standard clistribtstioa of sa^en points ovsr the edge of 

the soon, the average value of ths ooefficient 00s p/oos PQ is 0.90, 

V VP*» 

Thus» V«-0.U5V **/«*' 

U.07) 

1)      jlf ws denote the error of the irregularities taken froa ths map 
I 
py    €>ga 5 then > obviously, VJO can write 

r-anww^s»*»-«»««*»^^ 

/3^ 



ifc,»M«!*.,i*»'«H>»i , t /,3f itai,vak-r-«*f rt'.y**"*i- !>«*■* J*t>;ß W*J*ra*i>M*«' *■-A-rsy/iWJi • «MaMMa*.', 
^■«t «nwi***«(*'^ii'«"<B<«i* eJ»i*j;-j 

{ 1"'     '                                •*"-"'"     ft *          r.~L       ftS- £                                                                                                                                                                                                                      £ |                             . *•#-#' — "// T~ V                                                      I 
I aM tterefcs-e i 
ft j* 

!                             . %^%-..^—4'                                      (4.08)   | 
v "f 

isha errors     Ä*., t oaluolfiteci -ifcoa (4*00) for the inctlv&Sual earias-       | 

jwero a@ foiled si ,'                                                                                       | 

?. '          täKi'i 6                                                               | 
I 1 

^Series of ob&srv&tioaa 
i 

1 

■ 

«^ i 

r s«^K»K   ........ t   ±©»2is ■ 1 /'A 

7 Hefea&es ....... I    n«X2i, 
föifef©<:?'5s? 

! 

I 
1 Eros tfas det-s gima ia l&bl© 6 *ie sas that tfeo gyaatest error 
I 
|i.s obtai&ea fieo«. the obs&rv&tioas of MlkfasalovskiJL    Tae ooiisstaats of 

ftlie pbgrsi.-eal liferatljQQ oir the j??o.oa, dexrlvael „from tlxasa oteserfatlo&a^ 
1 ' ■   ■ 

i»es?e also obtelseö vritk imrgo average errors«    Sie es:™or la the 

pbgstiftstio&s of A, Ä* Xafco^hiu was gosBvhat greater than ibat fe'oa 

t>th«? ssri'Ss»    This was duo to tfcs fact thai is, «orae tme.s^em&ks the 
i ■ ■ teleulatsfi äx^scalÄfitles 'wsre ooaaMerahly greater %h&n those ob- 
I 
t&tfisd. &?■■&& &vhaT series* s© tksygbt ®t first t^t tj^roasoS.«ü^ü—— 

/££ 
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In aß Itto©»eot3y m®wmd: valas of tha raäiug of ttes mooat but stpoa 

©are oarsfuleapajaiiaatloa of tM results of tte ealouLatioas this • 

asss?$uptloa Ms-f oust! to be iciccerect,,   la ltap»©®ai.oa is g&icsd a© if 

ia Boras oases tha observe? laagtssd the relief to'be ffioM ©fesürpily • 

■ßTCÄkounsad thaa ctiqer ißvear&igat'c«'^. 

Taus, tb$ asosmcy of i«t©rmiws*ioa of the teigJatu oaths basis 

...of.different eariaa is sot tbs saae» TJÄrrfer®,, hi oalaulstiag the 

average ■ «mar it ^otCLrl be isora ccssreät to oaXotrlate it-3 "mean weighted1 

valus, o&mi&&visg tte errors    <Ä.{ as osrt&ia seas^ed quaotitiea of 

differsmi ieigäts» '; Let m assasa tha apjroadasgte raeaa of tfasso values 

to be    .<SQ « 0„20'$ and 1st tte deviations fsroaa it bs are,    The a'the 

«sighted anrege error    Syp is fouskä'tfc bs /86/t 

ItF*       ! ' 

f -       -hß     r (4.ao) 
pas «eight p im*cl?<3el hsy© mxi bs c^loisXatsd fsf'oa 

S ■ .     !       i 
r« i 
:#'    j 

&rd then the' srercs? of tho Ärr^gölat-itieg tskea froa ti*a sap will bs 

V*!0^' !        '. U.U.) 

I    The obtained ©garage error '»'ill b$ graats? i« those placas 
! 
lifers ti» •■■drstwisg of tbs isoJ^pees vse difficult.» aad viH be lass in 
i    ■ 
;J» plsevss «lair© tte relief has baa» feaasd with greater reliability. 

Haya assisass tbs airerags ersw of tli® iiwgt&sr Sties ta&ja from 

{to «aps to bs ^0*25«*Jli^^ 
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I to rssnmbsr always that both BB-VB^B maos and'those described in ifas j 
i            ,     '           vi   '       * i i               >.             ö>- I 
i -presaot paper e,ive a »aooife relief, and i&srsfcre ainuto details oa j I i.              t.  .„      =..,            '          ^ I 

I                          ■                                                                                                  . I 
| those my sQ%&tim& disappear» This Is clearly ee«n from too fallowings 
I. ( 
S eompaa-isoxi-    Boflsriori* erfi EIr*?c:aen /8l/ calculated the avera« errors ! I      ■ 4 ■ ■ - >       • .. 

I 

ü of tte moon's profile, äatsrsißed IVo/is. the observations of the 

I solar eclipse of 1945 acd from Hays8a m«oaj a&d obtais&d tlis following 

I 

a (Lixdblat) :s * 0*15«. 

m (Bays) « ±.0,28, 

It ie sesn thsreforo that tit« profile obialseO. from, the 

I observations of the eaiisss is aaie:w&i«3d. ir.ore accurately than that I 
I ! 
loetsiaed from. Bayn's raaos.    In in© fulara vüer, COSHT^ active; maps it       ? 
1 •      *'      "                I 
I < ;*siIX be possible to ü&e'a considerably greater obsorvatioaal raatsrial^ 

jvhich UBdoiibtedly 'will lead to 'better ösiailisg of tfc*; raooaf3 arofiJ.ös | 
i j 
Ui0*j3¥er, eves at tits vramrA tixaa the accasc-ain?' of obö^rvatisaa, efter 

I I 
\/oortBotlng the IG iß &üoo^ä£moe witfr ÜB available sapa for irregular!"- 
' 3  4-'* | XX 

considered that the ©IT erg of th-2 edge are raadoia .deviations, then 

fcbs average srrsr of one observation of t!» mooa mil amotait. as a 

pesnlt of tills factor., to & (fS9,  Conrnqusziilj, allswüiwe far the 
f 
!.rr&gui.sriiisE of tte säes witü our aiaos reduces ths svera^ erra? of 

/3^ 



>»Vi<irn*»«ift-rV!WW«-"t;* JL- 
©ration -of tbs JjaäivMtial poiats of tlse edge hj .?,pj.xo,#.,ajately a     I 

! 
I factor of thrte» At the SEAS tins* la raöasing ttes obgervatioiss for      j 
i' * f tfas relief 'we mi, rid of tit» systematic errors of periodic character*  | i .... , 

i is was already' ßsötioosd ia vis® first chapter, oertalß fluctuations      j 

I I.» the EOOE% motion are apparent and cite to ths> effect of irregular!--[ 

i I tie« of tfee moon1s edge on, tie observations« 1 

S„ Kft KöSä /88/,  using «bss^vatioas of (xisultaticns as ■©xamplss, j 

illustrates hot«? iispcetant It Is to take into account the irregular i/fcla I 

of tha ffiOGasa edge»    !tte ;aso of iky«*a asps. Lead to a considerable■ • 
i 

reduction in the random feTors, aori the systematic errors aaalfest     ' j 
■       ■   - ■       ; ■•■■      . ; ■ I 

I themselves iß this easts mara preoa&Uösedly an;! caa be more sooiirattlly    j 

■; determine,    Such errors, for'smspl«*,. I&oluia «»rrars Iß     .     deter- 

alastlois of tlsa tlsSj ctus to iw-agtlaritieg of tte'roteMoti of the 

eariia,    Sa Me  Kosik ha?s ■ shcftm. that to oey.lv« a time correction, from 

tfoa obsersiatloJas of %m änoea, If iho relief Is-tske& lirbo atjcount- 

: v5.th Hayiis-a siaps., om fifth the obs«rv«tioßü is aeoassarj tha« ia 

I ' * '      .     .     '        ■ I %m case vhsri ¥6 yish feo obtaia tM öaias correotloa witfe ifi*;s gams 
I 
|accuracy» fruft 'y.xtnoet using the -isaps» 
i , 
| The average error ef tbs irregularities iaksa fä'öHi oar @s,ps Is 
1 . t 
| found to be tte &ma (if .not logs) as that obtained with HOMO'S mips,   | 
I I 

1«, spite ot.tbßt fact thst he used taloe m'mxsy point&, This ißdioatas 
'S 

aüce öi0ra use high.   a<actS'aoy of tliß JMllosvStrio cfcosrwiloas, j 

-     fl f 



■n,fwo«*iKii'rn»pnw*i«'.nwW »W*"* < 

.    Chapter V 

MVKSnOÄTIOH OF MÜJfS OF KS MDOKES RMSF 

The main purpose of the präsent work is to be able, when using 

o«r maps, to deterrains the position of the center of gravity of the 

Uoba from observstioas of its ed|ja more ©couratety than couW be don© 

un-fjn nov.    Wa hava «Jxeady aentlonsi that earlier deteraiaatioäs of 
f    *"     , . 
: the wooß'B cantor of gravity ware inaccurate, because of the inflates- 

mioacy in thß establishaaot of tha saro-level surfte from vhlob to 

Ireckon the heights,  Now, th&'t the zero-level surface has been 

?s, theoretically rlorlved and has been practically eaiployeä In our maps 

a mete accurate determination of the position of ths oenter of gravity 

of the moon has become a rsality* 

\ In ärtdltica, this'"work has a direct'baaring an salenographic 
I | 
|investigations.    Until ftcft ths coordinates of points on ths moon*a 

I surface »era aeamsred relative to the crater >foesting-~A, and their 
t 

sights 'tiers reckoned from a certain level., /which was determined from I h<"- 

«tä A'JQZ JjSi-i, 

forms of the relief under the assumption that the sum of lbs 

jhaisht aM depressions OR ths visible surface of tha aooB is in 

Igönerßl close to aero.,    However» iß viev of ths presence' of asymtastry 

fin tto figure of üB <aoan,  a aero-lev&l surfcos established in, this 
I i 
ksmaer is highly indeterminate and therefore ths heights «era referred f 
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r to e"/arw>iae to different levels.    No*« that a level surface  has been I 
' fe. I 

I i I riporou&iy derived, tuxes Indeterminacy is oixrra.na.ted» At the 

I |  &3:sie ii'ie,  e possibility exists of oslotiiätiag mc-t-o accurately the 

t ■ .. [ 
S sühatoiöf  k^owix-;* thö  posit.* o.n ex \.m cent.::;?' of trs -(-.OCAI ana r&s j 

I s 
1 -ylH pc?r.!aS.t,  In acMfsio-y  to ellrainate the  syEtoitsf.is errors In the j 

la cünstru'^t-ing t-h? maps *s tat two cer*äitlo.vm which, they taust    j 

I   *  '••" ' ■• S 

I . ! 
! 1} Tho radirs of the ^ost probeb.le ylrcle,,   oerrseieet | 

J for ;Lrro;"'ü'Lf«:h.t:kwi cbtsiruih  ff oa our msis,   should not do wad os the } 

i     . ~      " ,-   ."' " "       ' I | optical llbratioa %a latitude; ! 
i   " ' I 
l ( 

[ 2; the eorractlona to ths latitude of the .aoan,,  aaleulötsä fro© j 

h::etil:'*atl:/.ru^ <xm wsri&i^n;*'! ohser'/atlons,, rahußef for irregularities I 
! j 
I of tto edge,   shotihi ooere&se in absolute inagaStufs and  should  h-svo a j 
f - , , : 

! IK hi« fclloyiS'? r>o.e teens «6 exoounf the r-a suits of tasiiög f 
| ~ I 
p*.    o,,^    .„■*    ,_.    ,>,,._    ..,.     ,.,...,    ,.    s...,,,.,,,,c,.^,.....,J    ....     „,,.,    -^t»^ j 

ifoi'raulatao above, • . j 



16.    Lib-ration Effect ia the ^atm^^hejom^ 

We have noted earlier that in the Irregularities of the moon's 

edge, determined 2ro& our maps, thera is Qoctatasd the so-called 

«large relief."   Coiisequsatty-, if the observations are öcrwoteä for 

the relief on the basis of tb.geo mars, then tha Xibraticm effect in 

the apparent radius of the moon should not appear, 

I In order to vwify the extant to vhich this criterion is 

|satisfied, we again reduce the hftlioaetrie observations of the moon 

for irregularities of the scores edge, taken from, our caps. -For ttola 

|purpose ve used three tasliometric series» Krasziov's /&>/ IfefadWs 
1 
1/56/, and Hartwig«s as proesssea by Naumann /90/.   Ife made use fear 

this       aaalysis the series of observations of Kra-snov and Hcfed'ev 

beosuee this reducee considerably t.te computational vork,  «hieb is 

very large ae it is.    The point'is, as already mentioned in the 

preceding chapter* that the earreotioaa for ths relief -with Haya'e 

taps v593'a introduced by'me in Ere'srsov's observations aad in n5r own 
5 
'} 

(observations directly in tha difference  (ho - h') of t'm epheajerldal 

km measured radiJ. of ths moon, in other wrdss? in the right halves 

pf the equations 

| A*0 COSft -f AÄslfl Ä ~~ aÄ^ k® ~ *'• (3.23) 

{jtsreas in other observation geries it was the measured valuss of s 

jthat «ere corrected for Irregularities, ana coneequantay, ia' order to 
i 
fcbtaia the three teras of Bqs.   (3.23) without ecraeatioas for ths 

relief, it would have been necessary to solve f3«2£2^a|ato2_iJ^^-iJjo_i 

/*/>- — 



i 

jrcfcei«e»Hsim£3»>tfH"*i"''*''H*sw**,';a;*JB 

X^TZÄT^etosxAovtB computational vcark.    MM latter is obviatad by 

using tlw afcofsmenticasd observations of Kr&enov sad ife£ed««v. 
| 
i*M^i„   „„«^ ,'^ - hO.  wiccs-vootea fM? irrseol-aritfes of the edge 
1 
Iwlth Hayn«3 xaspa, ve have Greeted item fear tfae relief with oar Kapr>. 

«,, ik->, *,,,,* fte r^.-ht h^lv^a of the trial Sqs*   i3«2,3i Söä I Obtaining £ti 

[setting up tfaß ncrrsal üqvmims^ ve s 
1 
fsimi squares» aeteralaiftg the o«r_-e?Uoa c>£1 I*Äsre^ to us fat the radius 

lof the moon.    Ah,    The lat'ter i* listed in tables 7 and 8, 
i 

! Ms used the Hartwig teXioasötric series in this .uweetlgatxoa 

tor the folloyjjig reasons,    This sanies eevKfs a largo i^ras xa-s«rva.i.,     » 
I ' , , . f 
Ume.lv Ceoc 1890 tfcs-ough 1.922, and uoats&as 266 obserwfcions of tr©        i 
f        *' . I 
(noon.    Ou thß ■ av*r*go in aaeh observation there verc i.H poiwes ■.      l 

If the eögs.    TßUö, Hartwig made mare than 3,000 aeftsiarafflerÄs.    In . 

lidiUon, this Xorge obsarvatioacl material,  obt^eö by Hartwig with     I 

the firfft rate halioaeter of the Baiter g Aatros^Ic^l Cfossrvatfflry, 

yas nert wseä by us ia conetraction of ths maps«  It van therefore quite 
: 
: 
lesirable to test oar maps -with this extensive saterial. At tha saiss 

■line, ti* obeervn-iioMl tfata asd the csloaJxUw^ tevo basa pufellshsd      | 
1 1 
in detail In Kavrcaaft*s vcric.  so thst the carnation »esrk was facSXlta- 

*-".>..3" 

lbs eorreoti.of», dR for the moon5s radius ««0 ä&tsrmlßsd by 

Ivpjjfctauu by solving 
I 

trial ec{«atior.s of the form 

1 

/#!> _., «|j? ?«e 4-1£\ €&% ft - rf« — COS f ^ "*" ** )ßfe '""■' COS «'a»!     { J»VJ.) 

/'/3 - 



The wssitioö aaöle (TT*  IT5} of ths observed      t 

| wboröi <t<A   a»3 di"    w>e tte sought attractions Tor the äiffsreaoss      j 

1  o*' ths darbot" &msr>&iöns of tho crater MoestiÄfiSfi aisä the confer of     f 
I     " .     '. I 
\ the moors... aiw rosiisctively to the a iff ererbe iß ths> dcsj.ißatxoßs of     f 
jf, ^ | 

f thsae oniwfc;^ while ö/f  are thß diffarervüss baiwssß the observed ( 
I   '" ' ■ " " ' ' * "   ' .        I 

and tfas calculated eistaaeos fi'oai the crater to ubs posits of tue j 

Boon's säge»/     tha vsluag üÄ* cos lftr are given by !%i©;affii ia 

( O.V-.Wf'   «■: ,6. ,-w ■)*" ff,*   j* 'iA/.^'.-'U1 
1 £ *"% '*   '-  j   i J       1. *'       i i   V" .L^U* s    *       *V* tl   fr 

I points of the edge relative to tte eeixtar of the OIOöJS' s-d5.sk «ere j 
1 !' 

I calculate*? by m ffos thus formula ! 

'.'••. ' AI-*-/>--«*. .(5,02)    | 
I    . .-. .       . , ' '       ■ I 
1 ■$,<<  ^ «fU^ 54»tf  a of %m point® of tte mm relativi© 'tl»s ,e:fsts? i 

I IfeestS-ag-'i^ ufeiöh sst^s luio tfeis squatta«, irfas 'tafcsa 'oy.'us fro® ti» f 
j '     . tte '   J 

| sas(3 TsbLa 6, -while-tha angie If *> at the polca .of' edge betweea ths» 

' diraeiiöRa to ths center of tte nxoou a.nd to JMoG^iirtg-f. ^ss eiCleutataei 

by us frotf. the relation s 1 

I ■ ^ 15,03)   j 

i ■        ~ 
\ T'm distance 6   aod ibs position angle IT  of the. crater MoestiEsg- 
i 

A rotative to the center of the soca. «as taken fro?a Table 4 of 

I IfemarmV wark.j and ih& apparent radius of the mson/H 'was tnkeu from 

After acxrrootiag tte frea terms of the 'trial Eqs,. (5„01) 

I for fccarulayitieo of the ffioon!,s od^e ^ith oar mas>s, ye tiiea solve 
•I " "  . 
|ts3sa equations by the methcci of least squares and determine fcsr 
\ 
jeaoh obaar^atioii tte Oisrrectlon dli for the radius of the moon, which 
I 
jtogötiäsr Viith tlie t^-ttas of the optical Iteration in the latxttd.e 

/ </f ■ 
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i   0 - 
! After  obX'dinlxiLf %bs values of    Ah and   ZiRf we ixie.n. broke thsai 

! <k'^m into --irouus in accord a KG yitb tte  optical libratian In iätii-yöe, t 

äxuas,  i-iiuoA arc ,t; } a;a3 calculated  x.a -saca group xas mean yaxgrr&sa v«.u 

1 in Table 10, 

1) Kx5snov!0 obssrvatiofiSj 2) !tef3€pevfs observations-, .3) 

TTT" If"   T) Mv.Ks '£6Mm£$am lieskzm*em.    KJJ HaOaojtea»« Fapiswsr« 

fc. I 

_ £ A ^      i 

4 o       f 
... 2 I 

(I ? 
-f I"       1 
-4 ■4 t>       1 
4 ■6 7       I 

I 

— 1.46 | -3*9 
— 1.40 I —2.2 
-4.25 j --HU 
—1.27 ) -i-2.i 
--1.19 | 4~*. 2 
— 1.55» s -fß.7 

—9544 I 
—0,33 j 
 -0.36     ■ ! 
--0.54 t 
-0.56 ' 
—0.55 '' 
»»-0.;» i 

~5?8 
4.1 

6.0 

3 
1-8.6 

rftf 

4-Öf&3 
-fö,55 

4-0 „50 
4-0.67 
■*ö,65 
-1-0.47 

Usöi^lng that s Ilasar relation should exist hztm&rk tim apparent 

Irudiu?, of the aooa sad the optical. librat-ion in latitude, «s sisds up 
» 
jtarlol equations of the fors 

j M — ÄÄ^ + ^^e (5, 04) 

lead  solved ibem 'by the ESS thai of least squares« The results -of this 

1,,,~> «..'. t ,,i,   .......~    "i f „.»-«,:"    .t-,,   K,,VV,   1'! 

/'■>/ 



ji £,ü.A.si5   ü-.s. 

I 1) Söriss of observations,  2) after Ifttrcduoliig correctloss 

4 for the irregoü^itieö of the edge, 3} with Hayn's oaps, 4} with 
1 
i'ifefed'ev's KSDöJ  5} Kr-aano?,, 6} Ifefae*evf 7)Jfertvig« 

! /T) JTH    ■'"■'"   ■ """ "~~~\!*+y   "**" *"*" 

I | __     ^ !._„_„...„. ~~ - -—- 

;Kpacsoa  U^ -  •  - 

"   *  ■  *l       ?" + 0frV + C013 irrt-0.004 ±0.011 
1     M-loW^m       !  rf^nr:r'-0.&7±0.0*l 

• • * *i     ,fr4äf>i""Voo38   I   ä^ + o.oaoo±o.oo&i 

"1» «Jdition, ^e calculated ths librsü^ ooeffioie«t* k la 
I "   1 i (Hajffs-jifi^s BBT%BB for tbß ©äse tibs« t-hs.sc otgeCT&tI.o.s5s 'we:t"6 corrected 
I 
[for irregularities of the edge wit-b. Ffe.ya*s maps,,  risiag for this pur- 

fpose the data given by Naumann iu Tables L and 1\ hie vaAt» xa given 
I 
is Table 11,    For comparison V,G giw also tt*4? coefficients x, calcu- 

lated from the observations of SPS.SGOI? &aci Hefeö^sv i&troduolßg in 

jfeb&M corrections for tas rsliaf by Ifeyi^s maps, 
► 

1 It Is &een from Table» 11 that In all series there sppears a 
I 
I'iearly prcmou,o.oecl cispanSeÄca of the r&dlua ..of ths sooa on the optical 

I _ ., 
ilbratlon Iß latxtucts,, i^asn ths corröotlcss tor 52rr0giu.8rrc.i6s ox toe 

f«1gs were taken from Hays'.'? maps.    la the eaaa of reduction of ob™ 
'I ■ '   ■ 
Nervations ^Iti. ots5 own raaps, the coefficient of llbrstlo«. is Z-STQ, 

! 
'fhe very sensitive methods ^hioh ve naad to tsai our map® leads to the 

I           * I 
donelusion that the correction of observations for ths relief,, äsjicna ]_ 

/ 6c?- — 



f^i€b"t^&?l^ erFor&"in tha radius of     "*™T 

I ■                                                              I 
f the moon, Axxe to the laaar effect,, Thus, the 5xrsgGiaritj.es of the      s 
f '        "    '                             •■■,..            "                  •                                     j 
! | 
I eclgs arc referred to us to   a    h&ryca.sjitrie sphere of constant radxus* j. 

j . We have already aotet thai the presence of as^arraatry i„rf the | 

|   moon leads to the fact that the «eaters of tha eastern anci «estern      | 

I   halves of tho moon do not coiaetüo-assä that tha coefficient of 

I5.bration is found to be different when ft is Seterad-Md separately 

j   for each edge of the races» ¥aoa res:!using the observations for i 
) 
I   iiTegularitioB vith. our Kaps^ this does sot take p-iaoe* as can be 

illustrstod 'with an example of proeessiüg of a series of haSdomatrio 
i 

l   cbssr^atioÄS of the moo« /5o/9    If the 3jrrcguleritl.es are tafem frora 
{ '        ■ ■ 
I  Baynss aiaps? tbe ilbratiott effect is tne radius,  for iodf-tfiduaj., 

{, edga^ vtas found to he 
i 

j For the vo stern sflge -? <*< 0»0831?. 
I 
[■ For the eastern £og£ - ™,j 0*01^* 
i 
\ 
l tfc the s&rns tioiö, «asm the observations vare eorracteo! far 
j • 

; relief vlth oia- ;naps? the vslii-ss of X. •«era found to be accordiägtfS 

•fiV    ik.   .,.,., „4- ~.„„    «,;--.,..,     „    •>    >"•,   <YW *t s 

j 

! 

This osaapls shovis ag5d.n that the average radius and the canter | 

I of the mooro are determined iron's reliably 'wheo the observations are 
I • i 
\ ' 
1 rtsducsd "wxfa our maps fhao tierotof ore., 

t   "« 



17e    CocTsatioß öf the >*s*^^^f-Li^*££s 

The fact that the latitude of ths n»oa, dbt&i«aä ff020 «oult«tlon| 

■ of stars bj th* oo^, diffsra ft-rae ths va3.«e give» by Bmm»s table«    j 

I is, &® is vsli teiiäj due to'several oausas, Thus, for e:x£miiie? the      j 
y&B • j 

flattefiiog of ttes «orth,Asfleur»9d by JSrewa to be 1/2%, «aere«s to j 

calculi the geosestrio coswäfcsateB of tha observer wtoa reduc-lag 

j tfae aoofi*8 e&ssrvatlo^ It la *&eeacary tö «ga 4 flaMsaiag valt» of 

(1/297j oarreapoisätag to ihß ii^raatioaai spteroM* ImtMrsiOtet tfcfl 

I latitude of the moon le influetwec by tte correction for tto 

I eo^iaos of th» «a^log FE,, -tbtaiised froo. astern ^MloasX observa- 

j tloßs«      Flaell^ Wäolssrf /W oatetfellshsö an ®e?& in Hrowa'e tables 

| ace!, ia arder tö esslödo It, the tsbüJRteä Lafcittjß« «sue* b« i^rsassd 

oy 
A? «* 4. ff26 €03 (a - ion cos (2D - f 4- 270°), 

i>«0i)i 

lifas moa oaa bs i?sp»sssatecl by tfaa fdlowiag fcariaaöla 

j AJB ** 4- 0525 siv? (f 4-11) 4- 0f02 cos (f f 11} 4- 
"-f-0'Ü sin{/•"-'«)-0f0»cos (/=•'—«). .     (5.06) 

is shssi« bjr Mars-ay /92/ CB ths basis of aft analysis of 

jdbaoftfatic&a of «Donations, the iMtmsMB of thase errors Iß the 

ivbers ^ = !. - n tn ths ditfereirtse bstwot&a tba ssaa ioagifewla of töö 
I " ' "    "      *' 
I BOO», |j and the mß&n loRgitnäe of the wooa*a ncöe* % vülLa I) is 
I 
j-fcbs diff^eass brteaes tlsa ;MI&ü loagJ^se of t!« aeo« a»! tbs em» 

ffbs gim of ths afca-€3S3stio*38t! ocsreotija» of taa orbital latitude of 



is,tituc]3 of tte moon is confirmee! ao3 Is expressed in general by 

ssaas of tar me-with argils et a (F * a). 

In addition to tha foregoing tsm-j, the correction to the-moon's I 

['latitude iiiclitfes terois with arguments / and P ax*3 a constant quantity j 

of value - 0.64«, nessly - 0.64" - O.iSr8 sift (X ~ #*) " °«26tt silt     ■    I 

P + 0,08« OOBF.    It Is aestimod that the main cause of these last 

teras 1B the f*vst,sroatif.i effect of the irregularities of ths möoß's 

I  
Illiab and ths asyauastry la the figure of tte soon« 

i Consequently, if the observation uaad to determine the coiwrec- 

jtloa to ths latitude of the moon, a« subjected to a correction for 

iirreaoLsrltiae of the moon's acigs* taten from, ovc aßps> ths correction 
i 
jto the latitude should diminish I» loagaitudia, 
I 

To test GV& maps from this point of vie«» ^s usad tte Polist 

Iribsarvatioae cf exultations of stars by the moan, parooossad by Ryfcka 
the 

'23/.    This seriös covers     tima from September 1901 through Decsraber 

i Mi 22 asä contains 199 ob'ssrvatiaas cf ooult&tions«    Eyblca corrected 

hi* observations for Irregularities of the edge with Hgyn"» maps aaä 
I- 
^aloulated tte coefficients of the trial «cquatione, iß. which ths 

Lxk-aowjas «ere tbs corrections d       as] d        to the equatorial 

I 
^©orrlinatas of the mocn, The trial equations in hi3 ease were of taa 

s — A «* — a • <k-~fe««# 4- * * & Hh ^*F ~f*• •% (5.07) 

in which s is ths measured atigulax- distance between ths star and toe 
l 
d3ütert£ the moon, and  A   tha eaiLtaaatsäjäL^^^ 

-nsumiiw'wJ»' 

/r5" 



express the- total effect of err'ors In s» due to errors in geocentric  j 
I 
i 

coordinates of the observer and errors in tha positions of the stsrs, j 

|   The errors in the coordinates of the center of the soon *will be due     I 
I i 
I'  to inaccuracy of tha lunar tabless errors ,1a determining the time,       I 

and the fact that the geometric center of tha moon does not coincide 

■with the center- of gravity» 

In the aforementioned york, Rybka gi?os the frees terms \ 

of-tha trial equations,, corrected for .irregularities of the moon's 

edge with Hajnfg asaps, aad also the ssleaographle coordinates P and 

I),    Ke did not solve Eqg4   (3.07)5 however,     Their solution by the 

| ßisthod of least squares -^aa    carried out io. two ?arsions; aamalys 

I with, introduction for relief *vsith Hay/i's maos« «jsci with our maps. 
j , "   ' 
\ Vs have obtained- the follow.Ill« values for the unknowns* 

With-Kayu's naps vitb. !fc;£:ee!f3'Vse maps 

i 

t/ä«:— 0,86 —  0.39 

/>:=-- 0.47 -1  0.17 
o = -i- Ö.5S 4-  0..58 

f Usiiae; those data, we calculated the correction for the moon's 
s 

latitude by tha formula 

( ■ V 0 * wC / 
I 

ivliars  (voO,   (vi),   (\j«M ), aad  (f&& } are coefficients which we 

/5fc   ™ 



! 

I 

finterpolated far the. mean loagituae and latitude of «i gifou aeries 

using JfeVG<KEb*3 tables /93/.    It was found that this correction, 

I determined fi*oa observations reamed vith om- maps* vere 

'decreased la absolute sÄgöitude by 0,32« oomparad.with thosa values 

which were olitsinai aa a tu&x&k of introducing corrections for 
' s 

..Irregularities of the .taoon'ß edge with Hayfiss asps, I 

j Thus, our wflps satisfy iully the Iwo cooditioßs fomulated j 

! above am eonseaueitfOy they ara constructed for a coiaaion aero-refer-    j 

■ anon level,    Theix use ti^kss it possible to obtain tho coordinates of  > 

the ooifit for which the eptansriia of the ;aooa teve been compiled, J 
's 

CONCLUSION 

Otis of t&s most intsresti&g sM at the same tlso most compli- 

cated problems Iä celestial mechaaios is the question of its etvay 

of the MUCK'S rotatioftf -which has engaged the site at Ion of asfe-oftoaer-s | 

; for mare than 100 yeses,    A large coafcritwrtion to the solution of this 

jdelicate groblem yae Ißtrofias^t: by the KÄsaß*6ßfc..'oiwnere, who carried 
t 

I out long series of observations of the sooa vith a heliomater, 

| covering in the «hole a tiir» öf more thaa 60 years. Starting vith 
I 
\ 1919. the photograph!« cat hod fass bson used at the Eagel*gardt 
i     - * ...   .-. 

I ahmvv&iazy sneeessfully for ths study of tills problem» 
■l 

j In view of the olösawss of the aoon aart of tho many details on 

|it$ surface* s it Is possible to darive from observation the lavs of 

lits rotation-with exseeiing aooapaoy. At tha sans ti;.ns,. the saias j 

/.r? 



nr. .IrcuTiiotaftca considerably complicates the processing of the  disarm 

tionel material,  since all the irregularities in the structure of 
i 

* r- ,ial Inflixace  en tro observations..  In all the | 1 

S ,, 
i Goter/pj.nstlona of the instants of occimitations we observe in o.n& r 

I ...... I or anothsr the ecl^e of tho moors 'which is covered. wii>u msaxy .irregtaarx- | 
I 
jt.lss*    The ürrfsan a stroherner ilaya paj.fi  serious attention to the zaatte 

ioi excluding froa th« observations the errors due to irregularities        j 

lei thft üioon's Biip'fi»    For this oarocse bfi mado un :a>äps of tiio moon's        I 
!  ~" "    " ' { 
jrölieit    However,  it -was found out later thsf botii these isaps,  esd J 
i | 
!tho  orofiles of the raoon's ßdMO p'llished by the French astronomer 1 
I i 
v i 

Hfeirer.   few* s raior ;hr:>rtcorine -which li«s}  as la well known,  in the     j 
) 1 ( ( 
jf&ot thet the  ir.re.guiariilös of thy edge ero referred is them to j 

läilferent lovsleri  surfaces» \ 
! s 
< i 
j The present vork is the  first attempt at constructing meps of i 

the aoort's relief aflstrrrt a ocaffion    levol surftea,  tho laain resists of   j 

I t tuis 'work are as follows* ! 
I ! 
j 1«, A theoretical solution has been obtained for tne problem of       J 
I 

'  ihe level surface fror idiieh to reckon heights.  This surface was I 
I 
«rtsraiiwd by us in the fcrw of a three--axis ellipsoid  iaaa hq»   \.£*Jv/h 

«hri vas called j, in analogy vith the earth, a aeleaoidh    The eeirter of 

the seleaoid is the canter of gravity cf tne raoos» 

I I 2,    Using the hypothesis of A.Ä,  lakovkifl regarding the figure 

df tha moon's disKä ve calculated the relative placarasntjjfJ^J^5r~l— 

T* 



of figure sftc! of the center öf gravity of the moos as a function of    | 

the optical llbratlon, ard gave fcsmalss f«sr aalcul.e.tjj^ tb.e irregu-  ( I 

Isritiss relative' to tic- Is^sl süx\!toes ■ ■ f 

3«    Maps wsre co-neiruotad, far tbs relief' of the moon frost j 
-   ' i 

heiioffiatrle observation«,, carried out with tto beliometer of the I 
I 

ingöl!gardi observatory ov»sr a period of fifiv YVi&rs,, \ 
■ ' "  *'    ' the { 

4« . .to loins siiKailoÄ was aacie of its maog;., lead las to, eonclu-     f 
I 

aioa. that they have bsoa coaata"-tacts d against ths ccwaaicwi aero-' { 

Thsfe;, afisr eorrootiae. tka obssrvaiiass far i??egtü^riiiö8<. i 
,-■■;.,     ,     .-, -i 

i I t ; \ 
{ both w.ltf) the mj.fspo rslisf &ia with tk? .:Ur#s~s<}Sls relief of ths j 
I 1 
(  moon»    I'D musvn't bs toy finite « hcvaver, lübaiR using ttssse sass, that 
j      '; ~' " " j 
| ttey show the. smooth^ relief.    Therefore,  far exaaple,  in reättcing 
i' 

| i:ndivlitml instants of c^cy'iistion foo? ir-rs^nlarlties of the eeigo 

s 
I «a cannot always acooamiaa t.i>s vie sired purpose    However f  in a large 

j ss&le ,proo833.lag of occtatatios,  as vias u^lsrtaixm in his day by 
i t 
j Btrttfcraaan or by. bewoo.sib,,  i^troch;«:,iio.ö of corraotioas for irrsgalari--- I 
1 | 

j ties will uacioiärteaiy improves tba results» fills pertains also to the 
i 
j xf^iEstica for irregularities of the edge of both meridional and 

j teiioaetria or photographic observations of the icooa„ lbs latter are 

jbeleg partioiiJ.arly extensively engaged        at fcha present tiae. The 

| pj.aa of the International Geophysical Year proi?ibee for setting up        | 
| ' "   I 
i pacstographie observations of the SOOB siiaaLtaa^oualy -with the stars      j 

/jry 



eM tö ötswrest than few toegs&arlilss of the ©age' it is agaia 

| -oeoesssry to. taw. eaect m&pB of the mooiu's relief. Tide- again ®m~ 

j  phases the' urgency of the p-oblem at* oonaWeratlon tore, 
■ 

The rooon'B relief Is vary highly vsried aaß ootttiOioated, aaS 

therefore Its rapeseamtailon on saps witb all.details is a very 

.   difficult task*    a» must haw for tfeis ptsrposs extensive bbserro- 

tloaal aateyial.    It vin to© possible later oa tc detail our maps, 

J  by asking use of «SUJltioml »aterlal.    For this purpose it Is quite 

I deeirablB to process tha 96 obaerwrbloaa jwarfowaed oa the haliomster 

j  of the BngdX*gaw3lt obaefftfatory by I. V. Bel»kovlok from 3.943 through 

1948 eM tbo 260 obsei*vatlons of ths authors of this book, obtained 

over ea olevsa year pari«?. (1946 — 1.956),    This will give npjsroxl- 

mately 2500 points of the edge sobe of the moon. 1» addition, their 

exisffc telioasB-fcrie obeanrafcleaae osariea out abroad by SeM.aters 

WLohoann as& Hartwig, -tbs use o.f which caa yield mars then 5,000 

points»   HcftJevex-, the fcalouiattoa of tte'baryoaafcrla taregul«rlti»e 

I 'of tfc» edge with ti» aM of this last arterial £a e*to.Us    ~-*fe». 

great cospatatiaml vca?k, siaoa the neoe&sary data tew ao* be«* 

1 ptMIsted for this purpose 

! Ti» taelghiß. obtained from' helioaetsrio obBervatioas oea be 
( . 

j flcnsiderafi ag roftarenoo points oa the «KM»
1
» aupfaea» To detail the 

| 
| maps tether ess <$m mhmqxumtl^ nako txgs of photographic a»terial. 

«Me iw<t*2if «JWeMtiKcMwas 
Mar : 
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